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CONVERSION FACTORS, U. S. CUSTOMARY TO AETRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows:

Multiply By To Obtain

cubic feet 0.02831685 cubic metres

feet 0.3048 metres

inches 0.0254 metres

pounds (force) per square inch 6.894757 kilopascals

pounds (force) per square foot 0.04788026 kilopascals

pounds (mass) 0.4535924 kilograms

pounds (mass) per cubic foot 16.01846 kilograms per cubic metre

square feet 0.09290304 square metres

tons (force) per square foot 95.76052 kilopascals
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CONSOLIDATION OF SOFT LAYERS BY FINITE STRAIN ANALYSIS

PART I: INTRODUCTION

1. The importance of the ability to accurately predict the con-

solidation behavior of soft clay deposits is manifest in the millions of

dollars spent annually in the disposal of materials dredged from the

nation's waterways and wastes of the mining industries involved in phos-

phate and other mineral ore production. To adequately design the catch-

ments necessary to hold these vast quantities, knowledge of the rate of

settlement of the clayey material is required. The economics of the

disposal operation dictates that each specially constructed area be used

to its fullest potential. Therefore, estimating the consolidation in

each area is a prerequisite to determining the overall area needed to

support a specified application rate.

2. Methods currently available for computing the potential set-

tlements of soft clay deposits as a function of time are based on both

empirical and theoretical relationships. This report will deal prin-

cipally with the theoretical aspects of consolidation and their applica-

tion to the settlement of soft clay deposits under self-weight loading

(although the theory and techniques employed are equally applicable to

other types of loading as will be shown in a practical example). It

should be noted here that the method to be presented is limited to one-

dimensional consolidation of saturated clay deposits which in actuality

is no limitation when applied to the large wet disposal sites in current

use. Other limitations will be discussed as they apply to particular

solution techniques, but in general the theory will require only that

the clay deposits be homogeneous in material type.

3. The first theory enabling the prediction of one-dimensional

consolidation in soils was published by Karl Terzaghi in 1924. The

simplifying assumptions adopted for this original theory were such that

its applicability was effectively limited to the consideration of re-

latively stiff thin layers at large depths. For example, the assumption

6



that there is a constant relationship between void ratio and effective

stress and that permeability does not change within the consolidating

material is valid only when the ultimate change in effective stress is

small in comparison to the preconsolidation effective stress. Because

settlements in soft clay deposits such as dredged fill where strains

greater than 50 percent are not uncommon, the assumption of small

strains negates the usefulness of Terzaghi's theory unless soil param-

eters and layer thickness are continuously updated.

4. The usual form of Terzaghi's governing equation (Terzaghi and

Peck 1967) is

au a2 u-= c - (1)
at v ax 2

where u is the excess pore water pressure and c is the coefficient

of consolidation. The independent variables are time, t , and the ver-

tical space coordinate, x . Even though this differential equation has

limited applicability to the general problem of soil consolidation, it

has remained the popular choice among geotechnical engineers because it

is the simplest equation and is taught in all basic soil mechanics

courses. Solution of the Terzaghi equation is simplified because it is

linear and the same as the heat conduction equation for which analytical

solutions for a multitude of boundary conditions are available (Carslaw

and Jaeger 1959).

5. Many authors have offered alternatives to Equation 1 to better

simulate the actual behavior of soils. Schiffman and Gibson (1964) as-

sumed that permeability and the coefficient of volume change were known

functions of depth and derived the go'verning equation as

2 1 dk au _ Ywmv(x) au (2)

ax2  k dx ax k(x) at

where k is permeability, y is unit weight of water, m is coeffi-
v

cient of volume change, and other terms are as defined previously.

Davis and Raymond (1965) produced a nonlinear theory of consolidation by

assuming a constant logarithmic relationship between void ratio and

7



effective stress. Their governing equation is

[i _ 2 _2 (iL 2 -u ]  o (3)

-v 3 x 2 (3 x ax a ' at

where u' is vertical effective stress and other terms are as previously

defined. Other theories or variations include the works of McNabb

(1960) and Mikasa (1965). However, all of these variations to the

original Terzaghi equation have their own unique limitations and are not

suited for application to large deposits of soft dredged fill or mine

tailings.

6. While the equations of McNabb and Mikasa did allow for large

strains, the first completely general theory of one-dimensional consoli-

dation in soils was published by Gibson, England, and Hussey in 1967.

Their governing equation, which will be fully developed in the next

section, is

Y~S A__rk(e) 1 ae Aa ~e o l a
-w d L T - + L [ ( 1+ e) de+z ] + _L (4)

where ys is the unit weight of solids, e is void ratio, z is a

material coordinate to be explained later, and other terms are as de-

fined previously. The consolidation equation in this form is particu-

larly suited for application to thick soft clay deposits because it

intrinsically includes the effects of self weight, permeability varying

with void ratio, and a nonlinear void ratio-effective stress relation-

ship. It also is independent of the degree of strain which is the key

reason it is suitable for thick soft clay deposits susceptible to large

settlements. Hereinafter, Equation 4 will be referred to as the finite

strain theory while Equation 1 and its variations will be referred to as

the small strain theory.

7. The fact that Equation 4 is a completely general theory of one-

dimensional consolidation was demonstrated by Schiffman (1980) when he
showed that the small strain theory and its principal linear and nonlin-

ear variations are all special cases of the finite strain theory. Prac-

tical application of the theory and a comparison of results with those

8
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of the small strain theory were presented by Gibson, Schiffman, and

Cargill (1981). Using conventional laboratory data for a soft marine

deposit, they demonstrated that faster and larger settlements are pre-

dicted by finite strain theory although predicted dissipation of excess

pore water pressure may be slower than that predicted by the small

strain theory.

8. The next part of this report will document the development of

the finite strain theory governing equation along with the initial and

boundary conditions necessary for its solution. The solution technique

to be employed is an explicit finite difference scheme which will then

be illustrated in a manner suitable for computer programming. The com-

puter program CSLFS (Consolidation of Soft Layers, Finite Strain) will

be used to solve a practical dredge fill consolidation problem and a

soft foundation consolidation problem to illustrate the capabilities of

the program. A user's manual for CSLFS is included in Appendix A.

9
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PART II: FINITE STRAIN FORMULATION
OF ONE-DIMENSIONAL CONSOLIDATION

9. The basic assumptions necessary for the development of the

theory of one-dimensional finite strain consolidation are:

a. The soil system is saturated and consists of a compres-
sible soil matrix and incompressible pore fluid. While
the soil matrix is considered compressible, individual
soil particles are incompressible.

b. Pore fluid flow velocities are small and governed by

Darcy's law.

c. There is a unique relationship between soil permeability

and void ratio such that

k = k(e) (5)

d. There is a unique relationship between vertical effective
stress and void ratio such that

a' = o'(e) (6)

e. The material is homogeneous as to type.

These conditions are only slightly restrictive and imply monotonic load-

ing. The usual assumption made in the small strain theory restricting

the magnitude of strain is not made here.

Coordinate System

10. The election to allow unlimited strain makes the use of a

fixed coordinate system impractical due to the relatively large movement

of the top boundary of the consolidating layer. To simplify the re-

quired mathematics, a coordinate system which moves with the layer is

needed. This condition is satisfied when the coordinates are defined in

terms of the volume of solid particles in the layer, which happens to be

a constant quantity. These material or reduced coordinates (Ortenblad

1930) are uniquely suited for use in the time-dependent consolidation

10
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problem because they are time independent and independent of the amount

of strain.

11. Before material coordinates can be employed, however, a rela-

tionship must be established between these coordinates and the more

conventional methods of thickness measurement. Consider the soil element

shown within the consolidating layer in Figure 1. At time t = 0 the

initial configuration is given in what will be called Lagrangian coordi-

nates. This system is related to "real" measurements at t = 0 . For

time, t , during the consolidation process, "real" measurements are

made in terms of a convective coordinate system which is a function of

the Lagrangian coordinate and time.

So G-- =0 , t)

LAGRANGIAN CONVECT IVE
COORDINATES (C) COORDINATES ( )

t=O %>

Figure 1. Coordinate systems

12. Both Lagrangian and convective coordinates are a measurement

of the soil system, which includes both solid soil particles and the

pore fluid. As previously stated, the material coordinate is a measure

of the volume of solid particles only. A comparison of these three

*10

systems is illustrated in Figure 2. As shown in the illustration, only

~the Lagrangian and materixl coordinates are constant for all time for

; particular points in the soil layer. It is, therefore, convenient to
-I

develop the governing equation in terms of either of these systems. The

material coordinates will be used here.

13. Since material coordinates are not measurable in the usual

11
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MATERIAL
CONVECTIVE
LAGRANGIAN

30 30 15

MATE RI AL
CONVECTIVE

-24 24 12 LAGRANGIAN\20I

-18 18 9 TCc
-24 16 12

-12 12 6 -18 12 9

15 -6438

0 00 100 0

t=O t =t1>O

Figure 2. Comparison of coordinate systems

sense, it is necessary to develop a method of conversion from one coordi-

nate system to another so that the layer thickness may be expressed in

easily understood conventional units at any time. Consider the differen-

tial elements of soil shown in Figure 3. If these elements are chosen

t=0 t>O t =0 & t>O
LAGRANGIAN CONVECTIVE MATERIAL

Figure 3. Differential soil elements

such that they encompass a unit volume of solid particles, then

da = 1 + e (7)0

d= 1 + e (8)

and

12
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dz 1 (9)

where e is the initial void ratio and e is the void ratio at some0

later time during consolidation. By simple ratios

dz 1 (10)

da l+e
0

=1+ e (11)dz

and

d_ i+ e (12)
da l+e

0

Thus conversion from one coordinate system to another can be accom-

plished by simple integration such that

a

0 da 
(13)J1 + e(a,O)

and

-"

O [1 + e(z,t)] dz (14)

These relationships will be used extensively throughout the remainder of

this development so that equilibrium and continuity conditions may be

expressed in the most easily understood manner and then transformed into

the material coordinate system for the governing equation.

Material Equilibrium

14. The equilibrium of a soil element having unit area

13
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perpendicular to the page and a unit volume of solid particles is illus-

trated in Figure 4. The weight, W , of the element is the sum of the

GRAVITY

L COORDINATESI +

Figure 4. Soil element in equilibrium

weights of pore fluid and solid particles:

W = e Yw + (1) Ys (15)

Therefore, equilibrium of the soil mixture is given by

a+-d + (e y +y) - 0 (16)

where u is the total stress. By simplifying and applying Equation 8,

an equation relating the spatial rate of change in total stress to the

void ratio and unit weights of solids and fluid is obtained:

ac e Yw + Y s

+ =0 (17)
1 + e

Multiplying through by dz and substituting Equation 11 gives the

equilibrium equation in terms of material coordinates:

go + 0 (18)

15. It is also necessary to derive an expression for the equilib-

rium of the pore fluid alone. Considering the total fluid pressure at

any time to be composed of both a static and excess pressure gives

14
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u =u + u (9
w 0

where u , u , and u are total, static, and excess pressures,

respectively. Static pressure equilibrium is ensured if

au
0_° Yw =0 (20)

Therefore, differentiation of Equation 19 yields

Uw -u + Y = 0 (21)

w

or in terms of the material coordinate

w u + yw(l + e) = 0 (22)

9z az w

Fluid Continuity

16. To determine the equation of continuity for the fluid phase

of the differential soil element, the weight of fluid inflow minus the

weight of fluid outflow is equated to the time rate of change of weight

of fluid stored in the element. As shown in Figure 5, the weight of

fluid flowing into the volume is

n - v • yw (23)

per unit area where n is the volume porosity which is here assumed

also the area porosity and v is the velocity of flow. Since the soil

solid particles are also moving during consolidation,

v = vf -v (24)
f S

where subscripts f and s represent fluids and solids, respectively.

15
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Figure 5. Fluid flow through a

differential element

The weight of fluid outflow is

n - v * y + L (n • v • Yw)d& (25)

By specifying the differential element to have a unit volume of solid

particles, the weight of fluid contained within the element is

e yw (26)

and its time rate of change is therefore

(e yw) (27)

Equating this time rate of change of the weight of fluid within an

element to inflow minus outflow results in

[n(vf - vs)] d + - = 0 (28)

where the fluid is assumed incompressible and thus has a constant unit

weight which is cancelled in the equation.

17- Equation 28 is the equation of continuity expressed in terms

of the convective coordinate system. Utilizing the chain rule for

differentiation, the relationship

16
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_F _FF d (29)

az D dz

can be written where F is any function. Equations 8, 11, and 29 can

be applied and Equation 28 can then be written as

a e[n(vf - v,)] + -L 0 (30a)

or 
Lr~ ] + 3

z e1 + e a] 0 (30b)

siice

n e (31)+ e

Governing Equation

18. Before a governing equation can be assembled, two other re-

lationships are needed. The first is the well-known effective stress

principle

a = o' + uw (32)

and the next is the equally well-known Darcy's law which is usually

written in the form

n(v - v k au (33)
f s ac

w

Equations 21 and 31 can be used and this can be written in terms of

total fluid pressure and the void ratio as

e(vf - vs ) k (Uw +

1 + e -wk- + w (34)

By Equations 29 and 11, this becomes

17



e(v - v) =L-L2{ + -Y(G + e)] (35)
f s Yw L~

19. Now Equations 18, 30b, 32, and 35 can be united to produce a

governing equation. First, combine Equation 30b and 35 to eliminate the

velocity terms. Thus

k + - + y + e ) I 2 = 0 (36)
a y(1+e) 3az + W) at

Next, use Equation 32 to eliminate u in Equation 36

a[ k (3LO -( a' + yw + ew)] + = 0 (37)az y(l + e) z azat(7

and then Equation 18 to eliminate a in Equation 37

-z yw(1 + e) s 9za

or

I I - k \ + 2z [wl + e) az- + e = 0 (38b)

(-YS -1) z l +e) z (le az J t

Again, by the chain rule of differentiation, the relationship

3F dF De=Fd~ (39)

az de az

I

can be written and Equation 38b thus becomes Equation 4:

A__w 1" L[k ]ej e + [ k(e) do' 3e. + e(4
-YW de l + ej 3z yz [ (1 + de 0at0

which is the same as the previous Equation 4 and constitutes the govern- J
ing equation of one-dimensional consolidation in terms of the void

ratio, e , and the functions k(e) and u'(e)

20. An analytical solution to Equation 4 is not possible, but

once appropriate boundary conditions are specified, its numerical

18
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solution is feasible with the aid of a computer. Of course, the rela-

tionships between permeability and void ratio and effective stress and

void ratio must also be known or assumed.

Boundary Conditions

21. Three types of boundary conditions are possible for a soft

clay deposit undergoing consolidation. These are shown in Figure 6 with

Z='

IMPERMEABLE SEMI- FREE
PERMEABLE DRAINING

Figure 6. Possible boundary

conditions

possible combinations at the top and bottom of the layer. The condition

of semipermeable is an addition to the usually assumed conditions of

either permeable or impermeable. The semipermeable condition represents

the state when a compressible layer is in contact with another different

compressible layer or when a compressible layer is in contact with an

incompressible layer which has neither the characteristics of a free-

draining layer nor those of an impermeable layer, but something in

between.

22. For the case of a free-draining boundary, there is no excess

fluid pressure and the total fluid pressure is equal to the static

pressure

u = u ° = hww (40)

where h is the height of the free water table above the boundary.w

Since the total weight of material above the boundary is known, total

19
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stress may be calculated, and by the effective stress principle, effec-

tive stress can be calculated. The void ratio is then deduced from the

known or assumed relationship between it and effective stress.

23. At an impermeable boundary, there is no fluid flow and thus

Vf = v (41)

Applying this to Equation 35 results in

au
_._w + Yw(l + e) 0 (42)
az w

but consideration of Equation 32, the effective stress equation, gives

az Dz + Yw(l + e) = 0 (43)

Now if Equation 18 is used to replace the total stress term and the

relationship of Equation 39 is used to express the effective stress part

in terms of the void ratio, Equation 43 can be written

ae 'ls - w
+ = 0 (44)z da'

de

which is the boundary condition where the compressible layer meets an

impermeable layer.

24. The boundary condition for a semipermeable layer is based on

the fact that the quantity of fluid flowing out of one layer must equal

the quantity of fluid flowing into the layer across their common bound-

ary. The quantity of fluid flowing across a boundary of unit area is

n(vf - VS) (45)

2 . iTherefore

[n(vf - vs)] = [n(vf - Vs)I (46)
upper lower

2i
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where the subscripts indicate upper and lower layers. Then from Equa-

tion 33 and the relationship of Equations 29 and 11

/_ k u ~ k u) (47)l e z, 1 \l+eaz 2

where -w is eliminated because the same fluid is in both la-,ers and

1 and 2 indicate upper and lower layers, respectively. It should

also be noted that the total, static, and therefore excess fluid pres-

sures must be equal in the two layers at their common boundary

(u)l = (u)2 (48)

25. From the effective stress principle,

= Do,(49)
_3z - 8z 8z

By use of the equilibrium conditions of Equations 18 and 22, Equation 49

can be rewritten as

__' _u (50)
3z w -s z

which can also be written

- \( ' w - 's - 3z d (51)

The conditions expressed by Equations 47, 48, and 51 may be used to al-

low numerical solution to the problem of semipermeable boundaries.

Initial Conditions

26. initial conditions through a compressible layer will vary

according to the stress history of the layer. Since it is necessary to

solve the governing equation by an approximate numerical technique, any

initial distribution of void ratios is permissible so long as it is
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consistent with the assumed void ratio versus effective stress relation-

ship. Typical inital void ratio distributions in qualitative terms are

as follows:

a. A dredged fill layer will have a high uniform initial
void ratio distribution.

b. A layer consolidated under self weight only will have
relatively high initial void ratios which decrease
considerably with depth in the layer.

C. A layer normally consolidated under a small surcharge
load will have intermediate void ratios which decrease
with depth.

d. A layer consolidated under a large surcharge load or
overconsolidated will have relatively low initial void
ratios which decrease only slightly with depth.

The value of these void ratios and their exact distribution will depend

on the void ratio-effective stress relationship chosen and any existing

surcharge.
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PART III: SOLUTION OF THE GOVERNING EQUATION

27. An analytical solution of the one-dimensional finite strain

governing equation is not possible because of the nonlinear nature of

its coefficients. However, a numerical solution of the equation is

feasible if these coefficients are constantly updated during the solu-

tion to simulate their nonlinearity. An explicit finite difference

scheme has been chosen to solve the equation because of its relatively

simple algorithm, but this scheme does necessitate stringent stability

criteria which will be discussed in a later section.

Explicit Finite Difference Scheme

28. The finite difference procedure is a method of representing

a differential term by means of finite differences. Time space is

broken down into intervals of finite length denoted T . The time

derivative of void ratio can then be written

3e 1
-t (zijt -T (e ij+I - ei'j) (52)

where the subscripted terms are as shown in Figure 7. If the space

z.

e.,j Gi)j+I

6 e.

Figure 7. Finite difference mesh
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coordinate is divided into intervals denoted 6 , the derivative of void

ratio with respect to space is

De (zit) (e -e (53)
az i 26el+l,j  i-l,j

by the central difference method, and the second derivative of void

ratio with respect to space is

a2e Czi~t (e - 2ei  + e ) (54)
z2  i2 i+l,j ,j i-,j

where terms are also as shown in Figure 7.

Simulation of Nonlinearity

29. It is appropriate here to rewrite the general governing

equation (Equation 4) in the form

3 e 2 e e

Yce(e) + -L [a (e)] -z+ a(e) _2 + Y = 0 (55)

where

Yc = Ys - Yw (56)

d rk(e) 1
a(e) = L eJ(57)S~e)=Te I + ej

and

c(e) = k(e) da' (58)
1 + e de

To simulate the equation nonlinearity, the functions a(e) and a(e)

ratio at each point in the z space grid.

30. In the computer program developed for this report, point data

are input relating void ratio to permeability and effective stress
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similar to that which would be obtained from laboratory testing. To en-

sure smooth continuous functions, however, additional points are inserted

between the laboratory determined points. A typical trace of such data

is shown in Figure 8. Using these data, tables of values for a(e) and

1(e) at various values of e can be constructed by numerical differ-

entiation. Then, by a linear interpolation, the value of a(e) and

(e) for any value of e can be obtained.

exPERMEABILITY /
e-K

EFFECTIVE
STRESS-,X1

x 

/
X - 1 x \

LEGEND LOG a'

o LABORATORY POINTS LOG k
x ADDED POINTS

Figure 8. Typical plot relating void ratio, e

to permeability, k , and effective stress, a'

31. The solution to the governing equation in finite differences

can now be written

T a (e ycBli~j +~ili

ei'j+l ei-j Yw c8(eij + 26

(59)

ei+l,j - ei_!, j  + (ei  ei+l,J 2ei,J + ei_li)
L 26 ,6 62
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From Equation 59 it is seen that the void ratio along point z. at ai
future time, t , is explicitly determined from the values of the

void ratio at that point and its nearest neighbors at time t. and func-
J

tions of the void ratio at these same points at the present time, t.J
Thus, once initial and boundary conditions are determined, the consolida-

tion problem is solved.

Solution for Initial Conditions

32. Calculation of the initial void ratio distribution in a com-

pressible layer is dependent on the unit weights of solids and fluid in

the layer, the effective weight of any existing surcharge, and the rela-

tionship between void ratio and effective stress within the layer. To

illustrate the procedure, assume the compressible and saturated layer

shown in Figure 9 is fully consolidated under its own self weight only

SFREE WATER SURFACE

SURCHARGE

COMPRESSIBLE h
LAYER ( e nwe

Z - 0-,

Figure 9. Initial void ratio distribution in

a compressible layer consolidated under self
weight only

before a surcharge, Aq , is added which will cause further consolida-

tion. The initial conditions in the layer at t = 0 + are then the same

as conditions in the layer at t = 0 assuming the surcharge is quickly

added at t = 0 . This is so because the fluid in the layer has not had

time to drain, and therefore, initially, fluid pressure will support all

the added surcharge. Of course, as time goes by the surcharge load will

gradually be transferred to the toil particles causing the solid skele-

ton to compress.
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33. To determine the initial void ratio distribution, eo(a)

the equation

X h

dz = da k. (60)
1+e (a)

0 0

must be solved where h is the initial layer height in Lagrangian co-

ordinates and 9 is the initial height in material coordinates. Since

there are two unknowns in this equation, it cannot be solved without some

additional information. In a fully consolidated state, the effective

stress distribution through a layer depends only on the buoyant weight

of solids and any existing surcharge such that

o'(z,o) (Ys - yw)dz + q0  (61)

z

When Equations 60 and 61 are used in conjunction with the relationship

between void ratio and effective stress such as that shown in Figure 8,

the number of relationships matches the number of unknowns and solution

is possible. However, even if the relationship between void ratio and

effective stress were expressed analytically and the appropriate sub-

stitutions made in Equations 60 and 61, a transcendental equation would

result which would require an iterative type solution. Therefore, an

incremental technique will be used here which will approach the exact

solution from the lower side.

34. It is first necessary to divide the compressible layer into

a number of elemental layers of length

Aa = h (62)N

where N is any positive integer. The larger the N , the more accu-

rate the solution. The uppermost elemental layer is subject to an ef-

fective stress equal to the effective weight of any existing surcharge,

qo . When this effective weight is used, a void ratio is obtained from

data such as Figure 8. This void ratio is assumed constant for the
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elemental layer. Therefore, for the first layer

tha
Az(l) = (63)1 + e (l)

and

Ao'(1) = (Ys - Y )Az(l) + q0  (64)

When Au'(1) is used as the effective stress acting on the second in-

cremental element, the void ratio of the second element can be deter-

mined. Following this technique throughout the entire layer results in

the initial void ratio distribution sufficiently accurate for computation

of future consolidation.

35. For the case of a dredged fill, it is assumed that the layer

is deposited at a uniform consistency, and after initial solids sedi-

mentation the compressible layer exists at a uniform void ratio with

zero effective stress throughout the layer. Under these conditions,

total layer height in material coordinates is calculated directly from

h
= 1+ (65)

0

where h is the height of the compressible layer after initial sedi-

mentation but before any consolidation.

Void Ratio at Boundaries

36. Void ratio calculation at a free-draining boundary is actually

a calculation of effective stress at the boundary. This calculation is

done through a knowledge of the total weight of materials above the

boundary plus any existing or added surcharge and the distance of the

* boundary below the free water surface. Since there is no excess fluid

pressure, the effective stress is

a' = + Aq - ywh (66)
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where a is the total stress due to any existing surcharge and material

self weight, Aq is an added surcharge, and h is distance of thew

boundary below the free water surface. With this effective stress, the

persistent void ratio can then be determined from a relationship such as

shown in Figure 8.

37. The determination of void ratio at an impermeable boundary

requires the use of a fictitious mesh point outside the boundary as

shown in Figure 10. Using the initial void ratio distribution -r

distribution at any time, tj , the void ratio at this fictitious mesh

point is calculated by expressing Equation 44 in finite difference

terms. Thus

2Ide
ej =e 2 ,j + 26d', (ys - Yw)  (67)

el,j

where d'e is determined for e from data such as in Figure 8.

With eo,j  determined, e ,j+1  is then found from Equation 59 and the

whole process repeated at each time step.

zi

COMPRESSIBLE LAYER

e2,

IMPERMEABLE 6 e , , - t
BOUNDARY 

' 6, 0

Figure 10. Void ratio calculation at an
impermeable boundary

38. When a compressible layer lower boundary is neither free

draining nor impermeable, void ratio calculation at the boundary is

accomplished by writing a finite difference expression for Equation 51

and using an imaginary mesh point as was done for the impermeable case.

Then,
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eel,j ys - Yw + Z l,j-] (68)

au

where the term 3z is either calculated from the previous time step or

assumed. In the case of a dredged fill overlying a compressible layer,

the excess pressure gradient at the layer interface is assumed to be

zero for the first time step and thereafter it is calculated based on

the previous conditions and Equations 47 and 48. The procedure is shown

schematically in Figure 11. The method of calculating excess pressure

-z.o
'6 6Z Z6

e% Z=O

Z=-6 ztc

30 .0
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from void ratio and vice versa is given in a later section. The void

ratio of the top point in the compressible lower layer is based on

Equation 48 and the fact that the change in excess pore pressure equals

the negative change in effective stress. In the case of a compressible

layer overlying a semipermeable incompressible layer, the permeability,

void ratio, and a typical drainage path length in the incompressible

layer must be either measured or assumed. The calculation procedure is

also illustrated in Figure 11. Only a typical illustration of marching

forward in time is shown, but this holds for all void ratios except at

the imaginary points and the top point in a compressible foundation

layer.

Settlement Calculation

39. The calculation of settlement at any point in a compressible

layer is simply the subtraction of its convective coordinate from its

Lagrangian, or initial, coordinate. If settlement at a point is denoted

S(z,t) , then

S(z,t) = a(z,O) - U(z,t) (69)

and by integration of Equations 10 and 11

z z

S(z,t) = f [1 + e(z,0)]dz -f [1 + e(z,t)]dz (70)

0 0

Since data are generated aroun mesh points in the finite difference

solution of the consolidation problem, the numerical integration of

Equation 70 by Simpson's rule is a simple exercise.

40. A common method of expressing the state of consolidation in

small strain theories is by the percentage of excess pore pressure dis-

sipated. In the finite strain theory, degree of consolidation is appro-

priately defined as the ratio of current settlement to final settlement

in the entire layer. Thus
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= S(Z,t) (71)
t s(i, )

where S(Z,) is the ultimate settlement of the layer when all excess

pore pressure has dissipated.

Calculation of Stresses and Pressures

41. Once the void ratio distribution throughout a compressible

layer is determined, the distribution of effective stress can be ob-

tained from a relationship such as shown in Figure 8. The static pore

pressure is also immediately determined for each mesh point as

u o(Zt) = Yw[h1 - C(z,t)] (72)

where h is the height of the free water surface above the datum plane,

z = 0 , and C is the convective coordinate of the mesh point at the

time in question.

42. The total stress at a point in the compressible layer is

equal to the total weights in a unit area of all materials above it plus

any surcharge. Thus

G(z,t) = Yw[ 2 
+  e(zt)dz + Ys( d) + qo (73)

where h is the height of the free water surface above the top (z = i)
2

of the compressible layer, the integrals represent the volumes of fluid

and solids in the compressible layer, respectively, and q is any

surcharge.

43. With total and effective stresses determined, the effective

stress principle is used to calculate total pore pressure

uw(Zt) = a(z,t) - o'(z,t) (74)
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and excess pore pressure is the difference between total and static

pressures,

u(z,t) = U(Zt) - u (zt) (75)

Solution Consistency, Convergence, and Stability

44. Now that a solution technique for solving the finite strain

consolidation problem has been formulated, some assurance that this tech-

nique gives a correct answer is necessary. Consistency implies that the

difference equations actually do approximate the differential equation.

Convergence means that the numerical solution is a close approximation

of the exact solution. Stability implies that small errors introduced

initially or at a boundary remain bounded as the computations progress.

Keller (1960) has shown that for a parabolic partial differential equa-

tion of the form

a(z,t) 2  _ 2b(z,t) _z+ c(z,t)e = d(xt) (76)at az 2

consistency, convergence, and stability are assured in an explicit

finite difference scheme if

6< a(z,t) (77)

- Ib(z,t)I

and

1 (78)
S-2a(z,t) + c(z,t)

62

where 6 and T are the spatial and time mesh spacings, respectively,

and a , b , and c are any variables.

45. In the governing Equation 55 for finite strain consolidation
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a(z,t) = a(e) (79)
Yw

b(z,t) = - - (e) + [(e)] (80)

c(z,t) = 0 (81)

d(z,t) = 0 (82)

where a(e) and 6(e) are as previously defined in Equations 58

and 57, respectively. Therefore, if

6 < - 2a(e) (83)

'Ya (e) +-L ba(e)]

and

2
6 2 We 

(84)
- 2cz(e)

then the solution should be consistent, convergent, and stable. To

ensure these criteria are met throughout the solution process, Equa-

tions 83 and 84 should be periodically checked using the extreme values

of a(e) and 8(e) to be expected in the problem.
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PART IV: SOIL PARAMETERS FOR FINITE STRAIN CONSOLIDATION

46. Calculation of the consolidation of soft deposits by finite

strain theory requires the determination of the specific gravity of

solids in the compressible layer, the relationship between void ratio

and effective stress, and the relationship between void ratio and perme-

ability. These determinations are presently routine laboratory proce-

dures for fine-grained soils normally encountered in earth construction.

The use of standard oedometer tests for soft deposits which may be under-

consolidated in situ involves uncertainties; for instance, a thin oedom-

eter sample with no excess pore pressure and subjected to a sudden load

increment may not react in the same way as an underconsolidated thick

sample whose excess pore pressure is slowly decreased. Additionally,

the consolidation induced by the hydraulic gradient of a permeability

test may not be adequately accounted for in the test results. The

answers to these questions are beyond the scope of this report and need

research to either relate soft deposit parameters to the results of

conventional tests or devise new test methods so that direct measure-

ments can be made.

47. In order to demonstrate the use of the computer program

CSLFS, the soil parameters necessary were deduced from conventional

oedometer test data such as may be generated in any well equipped soils

testing facility. By logical extrapolation of these data generated by

the oedometer testing over the full range of void ratios that might be

encountered, reasonable solutions to the dredged fill consolidation prob-

lem can be obtained. Of course, the test results on a thick normally

consolidated or overconsolidated soil under a surcharge should be di-

rectly applicable without extrapolation.

48. Use of the program feature enabling the specification of

boundary conditions that are neither free draining nor impermeable re-

quires that a void ratio, permeability, and drainage path length for

the incompressible foundation material be given. While it is generally

possible to determine void ratio and permeability by laboratory testing

on undisturbed samples, the distance required for dissipation of excess
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pore pressures in the incompressible foundation must be estimated based

on engineering judgment.

Void Ratio-Effective Stress Relationship

49. The conventional laboratory oedometer test can be used to

establish the void ratio-effective stress relationship required for cal-

culation of consolidation by finite strain theory subject to the uncer-

tainties previously raised. Principally, the only difference between

testing soft deposits and the stiffer soils usually tested is in the size

of the load increments used. For routine tests of most soils, the load-

ing schedule starts at 0.25 tsf* and is doubled for each succeeding in-

crement until a total load of 16.0 tsf is applied. Typical tests of

soft deposits such as channel sediments or dredged fill start at

0.012 tsf and are incrementally increased to 1.0 tsf. At these extremely

low pressures, accurate account must be taken of the weights of load

transfer hardware and even the force exerted by dial gage springs

(Palermo, Montgomery, and Poindexter 1978).

50. Perhaps the best method of graining insight into the behavior

of soft clay soils is to examine some typical oedometer test results.

In Figures 12 and 13 are plotted e-log a' curves as determined in the

Soils Testing Facility at the U. S. Army Engineer Waterways Experiment

Station. These plots have been corrected from the originally reported

results (Palermo, Shields, and Hayes in press) by assuming 100 percent

saturation at test completion. This was necessary because direct

measurements of the specific gravity of soil solids were not made and

original results consistently indicated saturation greater than 100 per-

cent when average specific gravity values were assumed.

51. Figure 12 shows four samples taken from the Craney Island

dredged material disposal site, one sample of channel sediments con-

sidered typical of what goes into the disposal area, and one sample of

* A table of factors for converting U. S. customary units of measure-

ment to metric (SI) units of measurement is found on page 5.
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SYMAMPLErSY.NO. DESCRIPTION CLASS. w % LLI P1
-mo 0 2:14 FOUNDATION CRANEY ISLAND DISPOSAL AREA CM 26 40

a 1-S CHANNEL S&DIMENT CH 305 1 7

7a 3-2 DREDGED FILL (2'-!'DEPTH) CH 176 1133 85
0 3-8 DREDGED FILL (15-16' DEPTH) CH 148 129 68

IL 4-5 DREDGED FILL (8-9' DEPTH) I__ CH 547 120 80

-Ae* A

4

3

0.0001 0.001 0.1011.0 10

Fiue12. Qedometer test results for Craney Island samples

0 e.-7.72 LEGEND
72 0 CHANNEL SEDIMENT, SAVANNAH

* CHANNEL SEDIMENT, CAPE CANAVERAL
6 0 DREDGED FILL, YAZOO CITY

SYMBOL CLAS& w% LL PI

4 

N

3

0
'I.001 .01 T 0.5 1.0 10

Figure 13. Qedometer test results for other samples



the foundation soil beneath the disposal area. As can be seen from the

figure, these soft deposits generally have characteristics similar to

other soils encountered in construction practice except that the range

of void ratios these deposits undergo during consolidation is much

greater. The tendency for initial void ratios to increase as in situ

confining stresses decrease is also apparent from the figure. A conven-

tional analysis to determine the preconsolidation pressure from the

e-log a' curves is probably not appropriate since there is no way to

obtain a truly undisturbed sample of such soft soils. However, the nor-

mally consolidated portion of the curves should be a valid indication of

the soil behavior as indicated by the fact that all dredged material

curves including that for channel sediments are approximately parallel

over their normally consolidated range.

52. Consolidation characteristics of other soft materials are

shown in Figure 13. Here again, the extremely wide variation in void

ratios over relatively small stress ranges should be noted. The unusual

upturn in these curves at the low end of the stress range may be pecu-

liar to the particular test procedure or may be valid indicators of the

behavior of these materials. Definite conclusions cannot be drawn with-

out further testing.

53. To illustrate the method of obtaining the necessary void

ratio-effective stress relationship for use in the computer program CSLFS,

consider the data points as shown in Figure 12. It is proposed that

those points defining the normally consolidated portions of the e-log a'

curves fully describe the material behavior between effective stresses

of about 0.01 tsf to 1.0 tsf. Defining the curve below and above these

values is a matter of judgment in the absence of experimental evidence

dictating otherwise. The arbitrary extension of the normally consoli-

dated portion in a straight line is unreasonable since this would give

an infinite void ratio at zero effective stress and a zero void ratio

at some finite effective stress. Probably a more reasonable assumption
.is that there will be some finite void ratio at zero effective stress

and that the curve will become asymptotic to some minimum void ratio

depending on the origins of the soil. It is therefore further proposed
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that the void ratio at zero effective stress be selected as somewhere

between the void ratio at the intersection of the normally consolidated

line with the effective stress ordinate 0.001 tsf and the measured void

ratio before oedometer testing. The curve at effective stresses higher

than 1.0 tsf should ideally be based on oedometer testing at these

higher stresses, but in the absence of such data may reasonably be an

extension of the normally consolidated portion which is brought asymp-

totic to a constant void ratio value between 0.4 and 0.7. Figure 14

shows such curves constructed from the data of Figure 12. Void ratios

of 7.0 for the dredged fill and 3.0 for the foundation soil at zero

effective stress were chosen as about midway between the previously pro-

posed range of possibilities.

54. Before the final decision is made to use such a void ratio-

effective stress relationship in the computer program CSLFS, the curve

8
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4
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2

Q00o 0.01 0.1 1.0 10.0
TVr

Figure 14. Void ratio-effective stress relationships for soft dredged
fill and foundation materials at Craney Island
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should be replotted on an arithmetic scale to ensure the curve is a

smooth continuous function without extraneous reverse curvature and with

continuous derivatives. Figure 15 shows such a plot for the dredged

fill material, and Figure 16 shows the plot for the foundation soil from

the Craney Island site. The points shown on the plots are the points

to be used as program input for a practical example to be worked.

Void Ratio-Permeability Relationship

55. The determination of the void ratio-permeability relationship

necessary for calculation of consolidation by the computer program CSLFS

will also be accomplished through use of oedometer test results. Be-

cause conventional oedometer testing involves relatively thin samples

and relatively small load increments, analysis of this testing based on

the assumptions of small strain consolidation theory will probably pro-

duce sufficiently accurate values of permeability.

56. By small strain theory, a nondimensional time factor is de-

fined by

c t
T = v (85)

H2

where t is real time, H is the drainage path length, and the coeffi-

cient of consolidation, cv , is

cv = k(l + e) (86)
v = yav

where k is permeability, e is void ratio, and yw is unit weight of

water as previously defined. The coefficient of compressibility, av

is defined as

Aev _-,(87)

A where Ae is the change in void ratio corresponding to the change in

effective stress, Ao' Combining the three preceding equations
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Figure 15. Void ratio-effective stress relationship for soft dredged
fill to be used in computer program CSLFS
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Figure 16. Void ratio-effective stress relationship for foundation soil
to be used in computer program CSLFS



results in an expression for permeability,

T yw Ae H2

(1 + e) t Ao'

which involves known or measurable quantities in the oedometer test.

57. Typically, consolidation time curves for each load increment

are used to determine the time, t , for 50 percent consolidation where

analytically T = 0.197 for an initial uniform distribution of excess

pore water pressure. The void ratio, e , is also determined at t50

from a knowledge of the specific gravity of solids, total weight of

solids, and current sample volume. The drainage path length, H , is

estimated as one-half the sample height at t5 0 . An average coeffi-

cient of compressibility is obtained by dividing the total void ratio

change during the load increment by the load increment.

58. Permeabilities determined in this manner for the foundation

soil and dredged fill of the Craney Island disposal site are shown in

Figure 17. While the data at the higher void ratios is considerably

scattered, the data in the lower void ratios which is less scattered

does seem to give a good fit when extended. Here again, the behavior

of the void ratio-permeability relationship outside the range of data

points is purely speculative until such time as adequate testing is de-

vised and used in defining the curve over the full range of possible

void ratios. However, it is probably reasonable to assume that permea-

bility becomes infinitesimally small at some finite void ratio and thus

the curve will become asymptotic to this void ratio.

59. Figure 18 shows the relationship between void ratio and per-

meability for the same other samples of soft deposits described pre-

viously in Figure 13. The behavior of these curves at the higher void

ratios may be an idiosyncrasy of the test procedure since it is probably

more reasonable to expect that permeability would increase more dramat-

ically as the void ratio reached some maximum limit where the soil no

longer forms an interconnected network of solid particles.

60. As before, it is beneficial to plot the void ratio-permeability
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Figure 17. Void ratio-permeability relationships for soft dredged fill
and foundation materials at Craney Island

relationship on an arithmetic scale as an aid in determining the point

data for use in the program CSLFS. Figure 19 shows such a plot for the

dredged fill material, and Figure 20 is of the foundation soil at the

Craney Island Site. The points shown on the figures are the points to

be used as program input for a practical example.

Semipermeable Boundary Parameters

61. As previously shown, the boundary conditions between two

compressible layers undergoing consolidation are automatically determined

by the program CSLFS based on the continuity of fluid flow and current

void ratio and permeability conditions in the compressible layers. Where

a compressible layer bounds an incompressible layer, boundary condi-

tions are determined by the program based on current conditions in the
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compressible layer and specified void ratio, permeability, and length

of drainage path for the incompressible layer. It was also previously

stated that the void ratio and permeability for the incompressible layer

should generally be determined by laboratory testing on undisturbed

samples and that specification of the drainage path length is a matter

of engineering judgment. The basis for making such a judgment is dis-

cussed in this section.

62. The drainage path length is defined as that distance required

for complete dissipation of excess pore water pressure existing at the

layer boundary. Togethex with this pore pressure, it is used to deter-

mine the excess pressure gradient at the incompressible layer side of

4 the boundary by the equation

a u U (89)

az x
+ e
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where u is the excess pore pressure at the boundary, x is the drain-

age path length measured in the Lagrangian coordinate system, and e is

the void ratio of the incompressible layer. The excess pore pressure

is calculated as previously described from the void ratio of the compres-

sible layer. The pressure gradient thus obtained is used in Equation 47

to determine the excess pore pressure gradient on the compressible layer

side of the boundary as

(z)comp ('k comp (+e z)incomp (90)

where the subscripts comp and incomp refer to the compressible layer
i

and the incompressible layer, respectively. This value is then used in

Equation 68 for computing the void ratio of an image point which enables

the computation of the void ratio at the first mesh point in the compres-

sible layer at the next time step.

63. An examination of Equation 89 shows that if the drainage path

length is chosen to be very large, the effect is to make -z very small

and in the limit will approach zero or the impermeable boundary condi-

tion which makes Equation 68 the same as Equation 67. At the other

extreme, if the drainage path length is chosen to be very small, the
au

effect is to make -Lz very large and in the limit will approach an

infinite value. The computation in Equation 68 then has no physical

meaning, but the effect in the program is to cause the void ratio at

the first mesh point in the compressible layer to be set at its final

value or the free-draining boundary condition.

64. Between those conditions of impermeable and free draining,

it is proposed that the drainage path length be chosen to equal the

depth of the compressible layer where the material of the incompressible

layer is the same or essentially the same as that of the compressible

layer. Where the material properties are substantially different, it

is further proposed that the drainage path length be chosen to be pro-

portional to the ratios of the permeability functions times the depth

of the compressible layer. In equation form, this means
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ei comp JLx -+e) incoop. 9
where x is the drainage path length, h is the depth of compressible

material, and k and e are average permeability and void ratio, re-

spectively, in the respective layers near the interface of the layers.
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PART V: CONSOLIDATION PROBLEMS

65. In this Part, the capabilities of the computer program CSLFS

will be demonstrated by solving some practical examples involving the

consolidation occurring in a dredged fill disposal site subjected to

periodic deposition of soft channel sediments and the consolidation of

a thick soft layer subjected to an additional surcharge due to some con-

struction activity above it. Figures will be used to show the distribu-

tions of excess pore pressure, void ratio, layer settlement versus time,

and percent consolidation versus time. Whenever possible, a comparison

between the results computed by the finite strain formulation will be

compared with those from a small strain theory computation.

Consolidation of Dredged Fill on a

Compressible Foundation

66. In this example, a large disposal site has been proposed for

an area of a bay where foundation material is a soft marine sediment

currently about 5 ft below mean sea level. Considerations of the area

available for disposal and the volume and type of material to be dredged

has led to the conclusion that the site must be capable of holding mate-

rial deposited according to the following schedule:

Year 1 through Year 2, 3 ft/year

Year 3 through Year 4, 2 ft/year

Year 5 through Year 8, 1 ft/year

The total amount for each year will be deposited during the first few

weeks of each year and therefore can be considered to be dumped instan-

taneously in the disposal area at the beginning of each year. Figure 21

shows the schedule graphically. It should also be noted that the yearly

amounts are based on volumes after initial sedimentation has taken place.

If initial sedimentation is not complete very soon after each particular

dredging operation, due consideration of the nonsedimented height of

each layer must be taken into account when calculating the necessary

height of confinement dikes.
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Figure 21. Schedule of dredged material deposition

67. The consolidation behavior of these dredged fill deposits is

required to be calculated in conjunction with the consolidation behavior

of the foundation in order that a program of dike construction may be

instituted that is neither overly conservative nor extravagant. It is

further required that an estimate be made of the time required for 90 per-

cent consolidation of the disposal area and ultimate settlement so that

an evaluation of its potential future use may be made.

68. Before consolidation can be calculated, laboratory determina-

tions must be made of the void ratio-effective stress and void ratio-

permeability relationships for both the dredged and foundation materials

along with the unit weight of solids in these materials and the initial

void ratio assumed by the dredged material after initial sedimentation.

For this example, the relationships depicted in Figures 15, 16, 19,

and 20 will be used. The dredged material is assumed to have an initial

void ratio of 7.0 and a specific gravity of solids of 2.75. The founda-

tion is assumed to have a specific gravity of solids of 2.83 and to be

normally consolidated under its own weight.

69. It will be further assumed that field borings were addition-

ally used to determine that the compressible foundation is 20.0 ft thick

and overlays an incompressible layer of silty material having an average
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void ratio of 0.65 and permeability of 3.0 x 10- 4 ft/day. The void

ratio and permeability of the compressible foundation layer at the inter-

face with the incompressible silt deposit could be determined either by

field borings or by assuming the layer is normally consolidated under

its own weight and allowing the computer program to calculate its ini-

tial conditions. For this example a void ratio of 1.80 and permeability

of 1.03 x 10- 4 ft/day have been chosen based on program calculations.

Equation 91 is used to determine the drainage path length for this semi-

permeable boundary as about 6.0 ft.

70. The input data required for problem solution is shown in

Appendix C of this report. The calculation constants T and 6 are

chosen small enough so that problem detail and accuracy are preserved,

yet large enough to promote computation economy. If the constants are

too large for the stability criteria, the program will print an error

message. For this problem, T = 1.0 day and 6 is one-sixth of the

initial layer height for the dredged fill and one-tenth for the founda-

tion. These selections proved sufficient for accuracy and stability.

Also included in the appendix is calculated data for the end of the

second and eighth year of consolidation.

71. From these calculated data, a visual picture of the consoli-

dation process can be obtained. Figure 22 shows the void ratio distri-

bution in the dredged fill at the end of year 2 after two layers of fill

have been placed but before the third layer is placed. Also shown in

the figure are the void ratio distribution at year 1 after the second

layer is placed (which serves as the initial conditions for the current

consolidation period) and the final void ratio distribution if no more

dredged fill layers were to be placed. In the figure, void ratios are

plotted against the material coordinate, z , for ease in comparing

past, present, and future distributions. The conventional layer height,

coordinate, equivalent to z can be found in the problem listing in

Appendix C.

72. The distribution of excess pore pressure within the dredged

fill at the end of the second year and before the next layer is deposited

is shown in Figure 23 along with the distribution at year 1 after
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Figure 23. Excess pore pressure distribution at
the end of year 2
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deposition of the second layer. The discontinuity in the year 1 curve is

due to the assumption that the second layer is deposited instantaneously

and its excess pore pressure is superimposed on the existing excess pres-

sure before the layer was deposited. At the end of consolidation there

is no excess pore pressure, and thus a final curve is not shown. Curves

of this type are useful in evaluating strength or stability using an ef-

fective stress analysis. Distributions of total and effective stresses

can be found in tabular form in the problem listing in Appendix C.

73. Figure 24 depicts void ratio distributions throughout the

dredged fill deposition period and the final distribution for the total

amount of material deposited. This figure shows that even after 100 per-

cent primary consolidation, very high void ratios will exist throughout

the dredged fill material and unless some later load causing further

consolidation is placed, the material may never be suitable for any

engineering purpose. The effects of surface desiccation and secondary

consolidation are not considered here, even though these factors will

have an impact on the final void ratio distribution. The effects of

these factors will be considered in future extensions of the theoretical

basis and computer program.

74. Shown in Figure 25 are excess pore pressure distributions in

the later years of consolidation. Again, this type of figure would be

useful in evaluating strength or stability using an effective stress

analysis. Tabulations for year 14 can also be found in Appendix C.

75. Figures 26 and 27 are plots of the degrees of consolidation

and settlement, respectively, throughout the period of deposition and

for 9 years after deposition ceases. Also shown in the figures are the

results of a conventional or small strain analysis of the same disposal

program estimated from consolidation charts (Terzaghi and Peck 1967,

Lambe and Whitman 1969). The difference between the two theoretical

approaches is clearly evident. The sudden drops in the degree of con-

solidation at years I through 7 are due to the instant application of

additional dredged fill at those times. As can be seen, 90 percent con-

solidation is achieved at about 12.8 years by finite strain theory;

whereas, the deposit is only about 55 percent consolidated at this time
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Figure 24. Void ratio distributions at the

end of each year during deposition and

ultimately

by small strain theory. The predicted ultimate settlement is essentially

the same in both calculations since the original individual layer heights

were relatively small. It should be noted that the small strain analysis

was a hand calculation and more elaborate computer applications of the

theory may reduce somewhat the differences shown, but results from the

use of the two theories will never match due to the basic differences

in the theories.

76. For containment area design purposes, the results of the
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Figure 25. Excess pore pressure distribution
at years 7, 8, and 14

finite strain analysis of the dredged fill and compressible foundation
a

can be plotted as shown in Figure 28. With this representation of the

dredged fill surface and foundation surface, the height of containment

area dikes required during the period of disposal can be readily

determined.
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Consolidation of a Soft Thick Layer

77. This example will illustrate the program's capability to cal-

culate primary consolidation in a soft thick layer which is normally

consolidated under a small overburden when subjected to a series of

i:3

added surcharges. The layer is assumed to be 20 ft thick and to overlie

a coarse sand so that its lower boundary may be considered free draining.m

The layer's void ratio-effective stress and void ratio-permeability re-

, lationships are those shown in Figures 16 and 20, and the layer's speci-

e0

~fic gravity of solids was assumed to be 2.80.

: 78. It is further assumed that initially the top of the layer is

about 1 ft below the water table and some years ago was covered with 1 ft

of sandy material so that it is fully consolidated under about 75 psf of
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overburden. It is planned to hydraulically fill the area with an addi-

tional 10 ft of sand over the next three years to prepare it for con-

struction of light buildings. The sand will be dredged from nearby

sources and deposited according to the schedule shown in Figure 29,

which also depicts initial layer conditions. It is required to deter-

mine consolidation behavior of the compressible layer during and sub-

sequent to surcharge additions.

79. Based on program calculations, void ratio distributions can

be plotted for any time during the consolidation process. Figure 30

shows such distributions for the first three years of the example in

comparison to the initial and final void ratios in the layer. The dis-

tributions at years 1 and 2 are before the surcharges for those years

are added. As can be seen from the figure, wide variation in void

ratios occurs throughout the layer initially and until it is finally con-

solidated under the total added surcharge. Thus again, the inapplicabil-

ity of a small strain analysis which assumes a constant distribution of

void ratios is manifest.

80. The distribution of excess pore pressures at various times

during consolidation is shown in Figure 31. The principal information

I 2 3 4
I TIME(YEARS)

doA- 500 PSF

V~fF f[A~ CC 500 PSF

75 PSF

COMPRESSIBLE
CLAY LAYER

J . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Figure 29. Schedule of surcharges added to
compressible clay layer
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Figure 30. Void ratio distributions

in the compressible layer

to be gained from this figure is the fallacy of the often-made assump-

tion that the value of the remaining excess pore pressure is its maximum

amount reduced by a percentage equal to the degree of consolidation.

For instance, at 57 percent consolidation the remaining excess pore pres-

sure is more than 89 percent of its maximum value, at 76 percent consoli-

dation it is 58 percent, and at 91 percent consolidation, it is about

25 percent of the original maximum value.

81. Figures 32 and 33 compare the degree of consolidation and

settlements respectiveiy as predicted by the finite strain analysis
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the compressible layer

and a small strain analysis. Once again the difference in the two theore-

tical approaches is clearly evident, and as in the dredged fill example,

consolidation is predicted to occur at a faster rate by the finite

strain analysis. Even though consolidation occurs faster, the dissipa-

tion of excess pore pressure is predicted to occur slower. Figure 34

shows the excess pore pressure distribution by both theories at year 6

during consolidation. This figure shows that the small strain theory is

uuderconservative when used to predict pore pressures and therefore may

lead to underconservative safety factors when used in stability analyses.
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82. A listing of problem input and calculations to years 3 and 6

are included in Appendix C. The calculation constants T and 6 were

1.0 day and one-tenth of the layer height, respectively. These selec-

tions proved to be sufficient for stability and provided for an economic

calculation.

6
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PART VI: SUMMARY

83. This report has developed the theory of finite strain consoli-

dation in relatively simple and concise terms and shown how the theory

can be effectively programmed for computer computation of the consolida-

tion behavior of very soft single or multiple layers of fine grained

materials. In the theory development, simplifying assumptions have been

held to a minimum which effectively makes the theory the most general in

defining one-dimensional consolidation. The chief advantages of finite

strain theory over small strain theory are its independence from strain

levels, its independence of any set relationship between void ratio and

effective stress, and its consideration of the variabilities in permea-

bility through the consolidating layer due to changes in void ratio.

84. The computer program, CSLFS, documented in this report

represents an alternative to the conventional methods of calculating

one-dimensional consolidation which was previously unavailable. The

program was purposely written to require only the most basic soil prop-

erty data, i.e., point data from laboratory testing relating effecLive

stress and permeability to the void ratio. It also provides for the very

real case of a semipermeable boundary. Although the program was inten-

tionally structured to facilitate the calculation of consolidation in

multiple dredged fill layers deposited on a compressible foundation,

it is equally suitable for making one-dimensional consolidation predic-

tions in a clay layer subjected to more traditional foundation type

loads.

85. As shown by the example problems worked in the report, this

method of consolidation prediction is not merely a more detailed analy-

sis which leads to essentially the same results obtained through a

simpler small strain analysis. There is a real and substantial differ-

ence in the results and indications are that the finite strain method

is more accurate because of consistent underprediction of settlements

in designs using small strain theories. Therefore, the program should

prove to be a valua:,le aid in future designs requiring a prediction of

one-dimensional consolidation as a function of time.

62

U



REFERENCES

Carslaw, H. S. and Jaeger, J. C. 1959. Conduction of Heat in Solids,
2d ed., Clarendon Press, Oxford.

Davis, E. H. and Raymond, G. P. 1965. "A Non-Linear Theory of Consoli-
dation," Geotechnique, Vol 15, No. 2, pp 161-173.

Gibson, R. E., England, G. L., and Hussey, M. J. L. 1967. "The Theory
of One-Dimensional Consolidation of Saturated Clays. I. Finite Non-
Linear Consolidation of Thin Homogeneous Layers," Geotechnique, Vol 17,
No. 3, pp 261-273.

Gibson, R. E., Schiffman, R. L., and Cargill, K. W. 1981. "The Theory
of One-Dimensional Consolidation of Saturated Clays. II. Finite Non-
Linear Consolidation of Thick Homogeneous Layers," Canadian Geotechnical
Journal, Vol 18, No. 2, pp 280-293.

Keller, H. B. 1960. "The Numerical Solution of Parabolic Partial Dif-
ferential Equations," Mathematical Methods for Digital Computers,

A. Ralston and H. S. Wilf, Ed., Wiley, New York, pp 135-143.

Lambe, T. W. and Whitman, R. V. 1969. Soil Mechanics, Wiley, New York,
pp 406-421.

McNabb, A. 1960. "A Mathematical Treatment of One-Dimensional Soil
Consolidation," Quarterly of Applied Mathematics, Vol 17, No. 4,
pp 337-347.

Mikasa, M. 1965. "The Consolidation of Soft Clay, A New Consolidation

Theory and Its Application," Reprint from Civil Engineering in Japan,
Japan Society of Civil Engineers, Tokyo.

Ortenblad, A. 1930. "Mathematical Theory of the Process of Consolida-
Lion of Mud Deposits," Journal of Mathematics and Physics, Vol 9, No. 2,
pp 73-149.

Palermo, M. R., Montgomery, R. L., and Poindexter, M. E. 1978. "Guide-
lines for Designing, Operating, and Managing Dredged Material Contain-
ment Areas," Technicai Report DS-78-10, U. S. Army Engineer Waterways
Experiment Station, Vicksburg, Miss.

Palermo, M. R., Shields, F. D., and Hayes, D. L. In press. "Development
of a Management Plan for Craney Island Disposal Area," Technical Report,

U. S. Army Engineer Waterways Experiment Station, Vicksburg, Miss.

Schiffman, R. L. 1980. "Finite and Infinitesimal Strain Consolidation,"
Journal of the Geotechnical Engineering Division, American Society of
Civil Engineers, Vol 106, No. GT2, pp 115-119.

Schiffman, R. L. and Gibson, R. E. 1964. "Consolidation of Nonhomogen-
eous Clay Layers," Journal of the Soil Mechanics and Foundation Division,
American Society of Civil Engineers, Vol 90, No. SM5, pp 1-30.

Terzaghi, K. 1924. "Die Theorie der Hydrodynamischen Spanungserscheinun-
gen und ihr Erdbautechnisches Answendungsgebeit," Proceedings, First

63



International Congress of Applied Mechanics, Vol 1, Delft, Netherlands,
pp 288-294.

Terzaghi, K. and Peck, R. B. 1967. Soil Mechanics in Engineering

Practice, 2d ed., Wiley, New York, pp 173-182.

64•now



APPENDIX A: USER'S MANUAL FOR CSLFS

1. This appendix will provide information useful to users of the

computer program CSLFS to include a general description of the program

processing sequence, definitions of principal variables, and format re-

quirements for problem input. The program was originally written for

use on the WES Time-sharing System but could be readily adapted to batch

processing through a card reader and high-speed line printer. Some out-

put format changes would be desirable if the program were used in batch

processing to improve efficiency.

2. The program is written in FORTRAN IV computer language with

eight-digit line numbers. However, characters 9 through 80 are formatted

to conform to the standard FORTRAN statement when reproduced in spaces

1 through 72 of a computer card. Program input is through a quick access

type file previously built by the user. Output is either to the time-

sharing terminal or to a file which must be saved by the user at the end

of a run. Program options will be fully described in the remainder of

this appendix.

3. A listing of the program is provided in Appendix B, and typi-

cal solution output is contained in Appendix C.

Program Description and Components

4. CSLFS is composed of the main program and ten subroutines. It

is broken down into subprograms to make modification and understanding

easier. The program is also well documented throughout with comments,

so a detailed description will not be given. However, an overview of

the program structure is shown in Figure Al, and a brief statement about

each part follows:

Main Program. In this part, input data are read according to

the option specified and the various subroutines
are called to print initial data, calculate con-
solidation and stresses, and print solution
output.

Subroutine INTRO. This subprogram causes a heading to be
printed, prints soil and calculation data, and
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Figure Al. Flow diagram of computer program CSLFS

prints initial conditions in each initial con-
solidating layer.

Subroutine SETUP. SETUP calculates the initial and final void
ratios, coordinates, stresses, and final settle-
ments in each initial consolidating layer. It
also calculates the various void ratio functions:

k do' a(e) ,and B(e)
l+e ' de
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from input relationships between void ratio, ef-
fective stress, and permeability.

Subroutine RESET. In this subroutine initial conditions are
modified each time a new dredged fill layer or
surcharge is added to the consolidating layers.
The subprogram also calculates new final settle-
ments and resets the bottom boundary pressure
gradient.

Subroutine FDIFEQ. This is where consolidation is actually
calculated. A finite difference equation is
solved for each nodal point in the consolidating
layers at each time step between specified out-
put times. Void ratio functions and pore pres-
sure gradients at layer boundaries are also re-
calculated at each time step. Just before each
output time, consistency and stability criteria

are checked.

Subroutine VRFUNC. The functions a(e) and a(e) required at
each time step in FDIFEQ are calculated in this

subprogram.

Subroutine STRESS. Here, the current convective coordinates,
soil stresses, and pore pressures are calculated
for each output time.

Subroutine INTGRL. This subroutine evaluates the void ratio
integral used in determining convective coordi-
nates, settlements, and soil stresses. The
procedure is by Simpson's rule for odd or even
numbered meshes.

Subroutine DATOUT. DATOUT prints the results of consolidation
calculations and initial conditions in tabular
form. Examples are shown in Appendix C.

Subroutine DATAIN. This subprogram reads the data from a pre-
vious program run so that future consolidation
can be calculated without having to recalculate
previous consolidation.

Subroutine SAVDAT. The data from the current program run is
written to a file in the format required to be
read by DATAIN.

Variables

5. The following is a list of the principal variables and vari-

able arrays that are used in the computer program CSLFS. The meaning of

each variable is also given along with other pertinent information about
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it. If the variable name is followed by a number in parentheses, it is

an array, and the number denotes the current array dimensions. If these

dimensions are not sufficient for the problem to be run, they must be

increased throughout the program.

A(101) the Lagrangian coordinate of each space mesh

point in the dredged fill layers.

Al(ll) the Lagrangian coordinate of each space mesh

in the compressible foundation or layer.

AF(lOl) the function a(e) corresponding to the cur-
rent void ratios at each space mesh point in

the dredged fill layers.

AFI(II) the function c(e) corresponding to the cur-
rent void ratios at each space mesh point in
the compressible foundation or layer.

AHDF(10) the initial height of added dredged fill layers
in Lagrangian coordinates or the amount of
added surcharge on a compressible layer.

ALPHA(51) the function a(e) corresponding to the void
ratios input when describing the void ratio-
effective stress and permeability relationships
for the dredged fill.

ALPHAI(51) the function a(e) as above except for the com-
pressible foundation or layer.

BETA(51) the function 6(e) corresponding to the void
ratios input when describing the void ratio-
effective stress and permeability relationships
for the dredged fill.

BETAI(51) the function (e) as above except for the com-
pressible foundation or layer.

BF(101) the function (e) corresponding to the cur-
rent void ratios at each space mesh point in
the dredged fill layers.

BFI(ll) the function $(e) corresponding to the cur-
rent void ratios at each space mesh point in
the compressible foundation or layer.

DA the difference between the Lagrangian coordi-
nates of space mesh points in the dredged fill
layer.

da'
DSDE(51) the calculated value of d- corresponding to

the void ratios input when describing the void
ratio-effective stress relationship for the

dredged fill.

A4

Moo----



do'

DSDEl(51) the calculated value of d--e- as above except

for the compressible foundation or layer.

DUO the drainage path length in an incompressible
boundary layer used for computing the semi-
permeable boundary condition. This value is
originally input in Lagrangian coordinates

but is changed to material coordinates by the
program.

DUDZ10 the excess pore pressure gradient in an incom-
pressible foundation at its boundary with the
compressible layer.

DUDZll the excess pore pressure gradient in the com-
pressible foundation or layer at its boundary
with an incompressible foundation.

DUDZ21 the excess pore pressure gradient in the dredged
fill layer at its boundary with a compressible

foundation or incompressible foundation.

DZ the difference between the material or reduced

coordinates of space mesh points in the dredged
fill.

DZl the difference between the material or reduced
coordinates of space mesh points in the com-
pressible foundation or layer.

DQ the initial additional surcharge placed on a
compressible layer.

E(101) the current void ratios at each space mesh
point in the dredged fill.

EO the void ratio in the incompressible foundation
at its boundary with the compressible layer.

E00 the initial void ratio assumed by the dredged
fill after initial sedimentation and before
consolidation.

El(101) the initial void ratios at each space mesh
point in the dredged fill.

Ell(11) the initial void ratios at each space mesh
point in the compressible foundation or layer.

EFFSTR(101) the effective stress at each space mesh point

in the dredged fill.

EFIN(101) the final (100 percent primary consolidation)
void ratios at each space mesh point in the
dredged fill.

EFINI(II) the final (100 percent primary consolidation)
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void ratios at each space mesh point in the com-
pressible foundation or layer.

EFSTRI(lI) the effective stress at each space mesh point
in the compressible foundation or layer.

ELL the total depth of the dredged fill in material
or reduced coordinates.

ELLI the depth of the compressible foundation or
layer in material or reduced coordinates.

ER(ll) the current void ratios at each space mesh
point in the compressible foundation or layer.

ES(51) the void ratios input when describing the void
ratio-effective stress and permeability rela-
tionships in the dredged fill.

ESI(51) the void ratios input when describing the void
ratio-effective stress and permeability rela-

tionships in the compressible foundation or
layer.

F(1OI) the void ratios at each space mesh point of the

previous time step in the dredged fill.

Fl(ll) the void ratios at each space mesh point of the
previous time step in the compressible founda-
tion or layer.

FINT(101) the void ratio integrals evaluated from the
bottom to the subscripted space mesh point in
the dredged fill.

FINTI(II) the void ratio integrals evaluated from the
bottom to the subscripted space mesh point in
the compressible foundation or layer.

GC the buoyant unit weight of the dredged fill
soil solids.

GCI the buoyant unit weight of the soil solids of

the compressible foundation or layer.

GS the unit weight of the dredged fill soil solids.

GSI the unit weight of the soil solids of the
compressible foundation or layer.

GSBL the specific gravity of the soil solids of the
compressible foundation or layer.

GSDF the specific gravity of the dredged fill soil

solids.
GW the unit weight of water.

HBL the initial height of the compressible founda-
tion or layer in Lagrangian coordinates.
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HDF the initial height of the first dredged fill
layer in Lagrangian coordinates.

HDFI the initial height of later dredged fill layers
in Lagrangian coordinates.

IN an integer denoting the input mode or device
for initial problem data which has the value
"10" in the present program.

INS an integer denoting the input mode or device
for problem data from a previous computer run
which has the value "12" in the present program.

TOUT an integer denoting the output mode or device
for recording the results of program computa-

tions in a user's format which has the value
"11" in the present program.

TOUTS an integer denoting the output mode or device
for recording the results of program computa-
tions in a format for continuing the computa-

tions in a later run which has the value "13"
in the present program.

LBL the number of data points used in describing
the void ratio-effective stress and permeability
relationships in the compressible foundation or
layer.

LDF the number of data points as above except for

the dredged fill.

MTIME the number of additional output times when con-
tinuing a previous computer run.

NBDIV the number of parts the initial dredged fill
layer is divided into for computation purposes.

NBDIV1 the number of parts the compressible foundation
or layer is divided into for computation
purposes.

NBL an integer denoting the following options:

1 = consolidation calculated for dredged
fill layers and a compressible
foundation.

2 = consolidation calculated for dredged
fill layers only.

3 = consolidation calculated for a single
compressible layer only.

ND the total number of space mesh points in the
dredged fill layers.
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NDATA1 an integer denoting the following options:

1 = this is a new problem and data will be
read from file "10".

2 = this is a continuation of a previous
computer run and data will be read from
file "12".

NDATA2 an integer denoting the following options:

I = do not save data for later computer run.

2 save data on file "13" so that calcula-

tions can be continued in a later
computer run.

NDIV the number of space mesh points in the initial
dredged fill layer.

NDIV1 the total number of space mesh points in the
compressible foundation or layer.

NFLAG an integer denoting the following:

0 = print current conditions heading.

1 = print initial conditions heading.

NM an integer counter which is used in tracking

the output times for each computer run.

NND an integer used to denote the total number of
parts into which the dredged fill layers are
divided for computation purposes.

NNN an integer counter which is used in tracking
the total number of time steps through which
consolidation has proceeded.

NPROB an integer used as a label for the current
consolidation problem.

NPT an integer denoting the following options:

1 make a complete computer run, printing
soil data, initial cnditions, and cur-
rent conditions for all specified
print times.

2 = make a complete computer run but do not
print soil data and initial conditions.

3 = terminate computer run after printing
soil data and initial conditions.

NST an integer line number used on each line of
data input and on data lines output for use in
a later computer run.
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NTIME the number of output times during the initial
computer run of a consolidation problem.

k
PK(51) the function 1 + corresponding to the

void ratios input when describing the void
ratio-permeability relationship in the dredged
fill.

k
PK0 the function for the incompressible

foundation layer.

k
PKI(51) the function k corresponding to the void

1 + e
ratios input when describing the void ratio-
permeability relationship in the compressible

foundation or layer.

PRINT(25) the real times at which current conditions in
the consolidating layers will be output.

QO the initial overburden on a compressible layer.

QI the current total surcharge including overburden

on a compressible layer.

RK(51) the permeabilities input when describing the
void ratio-permeability relationship in the
dredged fill.

RKI(51) the permeabilities input as above except for
the compressible foundation or layer.

RS(51) the effective stresses input when describing
the void ratio-effective stress relationship
in the dredged fill.

RSI(51) the effective stresses input as above except
for the compressible foundation or layer.

RWL(10) the new height of free water surface above the
bottom of the compressible foundation or layer
after a new dredged fill layer or surcharge
has been added.

SETT the current settlement in the dredged fill.

SETTI the current settlement in the compressible
foundation or layer.

SFIN the final settlement in the dredged fill layer
presently existing.

SFINl the final settlement in the compressible founda-
tion or layer under present loading conditions.

TAU the value of the time step in the finite dif-
ference calculations.
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TIME the real time value after each time step.

TPRINT the real time value of the next output point.

TOSTRI(ll) the current total stress at each space mesh
point in the compressible foundation or layer.

TOTSTR(101) the current total stress at each space mesh
point in the dredged fill.

U(101) the current excess pore pressure at each space

mesh point in the dredged fill.

U(101) the current static pore pressure at each space
mesh point in the dredged fill.

U1I(11) the current static pore pressure at each space

mesh point in the compressible foundation or
layer.

UI(II) the current excess pore pressure at each space
mesh point in the compressible foundation or
layer.

UCON the current degree of consolidation in the
dredged fill.

UCON1 the current degree of consolidation in the com-
pressible foundation or layer.

UW(101) the current total pore pressure at each space
mesh point in the dredged fill.

UWl(ll) the current total pore pressure at each space
mesh point in the compressible foundation or
layer.

VRI1 the initial total void ratio integral for the
compressible foundation or layer.

WL the initial height of free water surface above

the bottom of the first dredged fill layer.

WL the initial height of free water surface above
the bottom of the compressible foundation or
layer.

XI(IOI) the current convective coordinate of each space
mesh point in the dredged fill.

XIl(ll) the current convective coordinate of each space
mesh point in the compressible foundation or
layer.

Z(101) the material or reduced coordinate of each
space mesh point in the dredged fill.

Zl(ll) the material or reduced coordinate of each
space mesh point in the compressible foundation
or layer.
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ZK0 the permeability in the incompressible founda-
tion at its boundary with the compressible
layer.

Problem Data Input

6. The method of inputting problem data in CSLFS is by a free

field data file containing line numbers. The line number must be eight

characters or less for ease in file editing and must be followed by a

blank space. The remaining items of data on each line must be separated

by a comma or blank space. Real data may be either written in exponen-

tial or fixed decimal formats, but integer data must be written without

a decimal.

7. For an initial problem run (i.e., NDATAI 1), the data file

should be sequenced in the following manner:

a. NST, NPROB, NDATA1, NDATA2

b. NST, NPT, NBL

c. NST, GSBL, HBL, WLl, LBL, Q0, DQ

d. NST, ESI(I), RSI(I), RKI(1)

e. NST, GSDF, HDF, WL, LDF, E00, GW

f. NST, ES(l), RS(I), RK(I)

f. NST, E0, ZKO, DUO

h. NST, NBDIV, NBDIVl, TAU, NTIME

i. NST, PRINT(l), AHDF(I), RWL(I)

It should be pointed out here that NST may be any positive integer but

must increase throughout the file so that it will be read in the correct

sequence in the time-sharing system.

8. The following exceptions and explanations should also be noted

for particular line types:

Line type c: Q0 and DQ have nonzero values only if NBL = 3.
If NBL = 2, all data values are set to zero

except NST.

Line type d: There are LBL of these lines unless NBL = 2, and
then there will be one line with all values set

to zero except NST.
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Line type e: If NBL = 3, all values on this line are set to
zero except NST and GW.

Line type f: Ther are LDF of these linei unless NBL = 3, and
then there will be one line with all values set
to zero except NST.

Line type i: There are NTIME of these lines.

9. For the continuation of a previous problem run (i.e.,

NDATA1 = 2), the input data file should be input in the following

sequence:

Line type aa. NST, NPROB, NDATA1, NDATA2

Lie type bb. NST, MTIME

Line type cc. NFT, AHDF(NTIME), RWL(NTIME)

Line type dd. NST, PRINT(I), AHDF(I), RWL(I)

10. The following explanations should be noted for particular

line types:

Line type cc: AHDF and RWL are the values from the last line

of the previous computer run.

Line type dd: There are MTIME of the lines.

11. All input data having particular units must be consistent with

all other data. For example, if layer thickness is in feet and time is

in days, then permeability must be in feet per day. If stresses are in

pounds per square foot, then unit weights must be in pounds per cubic

foot. Any system of units is permissible so long as consistency is

maintained.
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APPENDIX B: CSLFS PROGRAM LISTING

1. The following is a complete listing of CSLFS as written for

the WES time-sharing system.
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I 141 1-1 CI14T(101 FYNTI I'll) ,Fr':51' 'F '1PI '.I~j-1' .l :5P,)
Awil 6i4Z0 P S'Cl , 9P 71 591. TO0T STlO I '01TOT TF1 (1 .I I liil)1 '113I , I
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vO0l 0470C

00 Al 0480C ... SET INPUT AND OUITPUT MODES
0001l0490) IN = 10
10 010 5 10 1lOUT I 11
(10010510 INS =12

0 )0 1052 G TOUTS = 13
A1101053AC ... .RA PROBLEM INPUT FROM FREE FIELD DATA FILE
u0010940? ... LONTAIt4JV1 LINE NUMBERS
fl 05S0 100 FOPMAT (%h
0 0 01 0560C..........PROBLEM NUMBER, DATA OPTIONS, INTRO OPTIONS FDT OPTION
f000 1570 READ IfiN 100) NSTMNPROBIiDATA1, NDATA2

0001l9S0 IF (NUATRl .EO. 2.' GOTO 4
foiosl05rq PRADINP100' NST.MPTNBL
f,0A1 1oil,....(1 .......SOIL DATA FOP FOUNDATION LAYER OP SOFT LAYER
1)(01 0610 reE~r d(N. 1 00) r- SGSiBL, MDL,IAL1 LEL' 00,DC'
110 01%A DO I1I=19LBL

0 01 06 4: 1. CONTINUE
('flfl0650COTL DATA FOR DFEDGED FILL

A 1 6 11 . RPrIN, 100:' NSTqGSDFqMDFqWL9LDF.E00.GW
1) 1E(fl I DO 2 I=1,LDF

0001 6s0 REArINt10(1) NSTqES<I),RS,.TPqK(I)
1OAIOE.10 t 2 CONT INUJE
Aii0 07o a 1W. ... COSOLIIIATIOf4 CALCULATION DATA
00010cI 710A PEAD.:TN.100) NSTEO0,D:0TUO
110 01072 0 REAP(1Nq100)' NSTvNBDIV.NBDIV1,TAU.NTIME
000A107?30 DO 3 T=1,NTIME
0 A010740G READ (Itt.i 00) FSTY PRINT (I) *AHDF 'I' RbIL (I)
110010750 .3 CONT INUE
A01 1076 AC
A001 07?C'C ... .SET INITIAL VARIABLES
n0n010I7o80 ELLI = 11.0 DZ1 = 0.0
ililf1 079A TIME = 0. 0
A! 90A1 03' c'A IJCON = f 1 0 ; 'JON 1 = 0. 0
A 00A1081 f SETT = 0.0 SETTI = 0.0
00010330?? SFIN = 6.0 ;SFTN1 = 0.0 VRI 1 0.0
A0010330 NNN = 1I NM =
00'A0 f.40 Pi A = 0. 0 ;DZ I 1.0 ; HDF 1 =0. 0
I000135n PUriZI 1 0.0 ;DUDZ21 =0.0

000 A10r,860 01 =00 + DO
00010870OC
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0 00 1 0,:3W PR TNT INPUT DA4TA AiND M[E 1ITT IRL CALCULtA-TIOW'

A O~ A.~ CARLL INTRO

0... N; C*tEWi CONSOLIDATION T IME! qNDi DATA
fulfAI f9 4O 4 REAP& IN. 100' NST.MTlNE

AO]0,;17 CALL DATAIr4
f il A796-A PRAD.N 111 0 0-Ni-,T. AHDF (NM-i I PWlL 0i

('01C t.7 A DO 5 I =NM1. NT IMF

mA I %4 5COriT INHUE

IL' I 011 Alc ..C PERFORM CALCULA;TION!- TO EACH PRINT TIME AiND rU!TPLT PEULTCT
fcOil I 1f11A 6 DO $ K =NM.9 N TINME

I)~ nc, TP;I TNT = PRINT ')

AAA3ri 1 f4 f IF iv F0E. 1' '30T0 7
A)(tI 150 HDFI AHDF1k-D'
61h) 1 '1 1 J I-
n1nh1o(1 CALL RESET

7,0011f c COLL FDTFEQ I
00(1 ~A CALL 7TREI'

f0.171 I100r CALL FATOUIT

flAfI i 1110 Z, COTI) C

17112,Ir IIIs0 IF *:NtlrA& . E0l. 2?1 CALL SWAVDAT
AQ0 oj 114 fC.

A,171111150 :--TOP

6 00! 11 m-0
'JO" 111 01 ri I 1 C'I
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11 A1 i', fi I) r. 0 .IBPOLIT I NE I NTRO
1':1:1:3 A' l or

AAi'tA2OilAfic * INTPO PRINTS ItrA.T 'AiRT AND' RE-:ULT'S OF INITIAL *
")AIA.tIl 1ll4"r * CALCLLfiT!ONS IV TRELILAR FORM.

A'A?A1i71 COMMON fi. DUO DLU'I1 09 DUDZJ I I DLID21 D.79 D19 Dl?. E'), E0 f, ELL 9 ELL 1
A A I : i A2 I GC, 13C 1 15 , 13 S' 1 , FG BE L s E: DF a3l. • H BL , H'F, H F I, I ,N I S, O 10UT.
A"O" i:, "',OUTS-" L , L [DFfMITIME Etl. IVEI 'I EL * pNE' ('IV. NDIVI,
I 0 i'l1"1 N FLFIG -.NM - PP ], FPT,NIIEI, LNH .NNT I ME, PV d 0 -0. -1 • $ETT. Z-ETT 1,
II2ii i ' 'F I .FI1 N"1, T RI T I ME. TPR I N T, I iJ C I41 rC ON 1 , VP I 1 5IL. - bL I Z I. ,
I1 ",( I' I :' i ': I' :' l , F 1ll ,AF I 11 '. ALPHA 51), PLPHA I -51),

"i - -.i '. BETA.5l),BETA ,:51 1, BFAlil :,BI ill D: IDE-51) Di DE1 ,'51) ,
AA i.3: I4I t.A E'1 1 EI (z'f'1 E E ,Ell 1 1 ., EF IN '1 1 ,, EFIhil '11,, E 11'
rco~ Ca.- Ais C5" : EZ.('51., ,E'I 1 1EFF$TIF-(1rs"1',EFSTFI' 1 i . i0,:1 1.•Fi 11:,,

i1 l 0 16 1) PINT (10 1 FIHT I , PI '51" .PY1 51 " PR (551, 1'F 15 V)51),
i I 7 A . P ',51 .R PF I. .5 1 T Tl T ' 10 ( 1 '.T 0 TR 1 ('11 -' U 1 A1. I s' 1 )

•I1
" A : !0 1 A IA U.. I i.' I 11 .) p UI.I I 1 ( 11' ) vI J, (' 10 1) i d I, 1 ,. 1) :-.'. I 101 :'. : 11 11 9

f) 01£ t 21:1:., 1Z Ill.,

0" 00' I3J 1 C .I ... P'INT PROBLEI' iNMER AND HEALI N G
A' fl !(I -i? ( I  ildP I YE - I OUT - I 0(I)
A (I i I htio. I TE ,SI O1To 1 1l)
fit, At. 41" A RITE (lOUT, 1 11',

0' I - , I TE ,O" lJ. I -0_3) IIPROF;
"i If. f c i-0t, i CALL. :,ETUP
-i.it2'e"l7l IF QFT .E0. 2) RETURN1
I' CI(r f.il IF NPL .EQ. 2) GOTO 2
1" i 02 .0'IC ... PRINT :OIL DATA FOP ,;IMPRE 7- SLE FOUDIAITION
Ai II 1A zi i a1FJ I T lE I OUT , 1 04)
'''L A 1 ,IR ITE I OUT. 1 05)

AI i?(i -Al .,IW I TE 'ILLIT, 1 0j16 )
(1Id1l' " WR I TE' I OUT, 1 07' HBL 9 1.'--L ; IJL 1 .00
A Ai . 4A i'iF. I TE (I UT 1 03)
'-ilf'2 _":5' (I!1 I TE ( IOUT, 10';.

A.'', ' D' Io 1 1=I. L BL
( If Wl.Rf I TE ': I OLT 9 110(') 1,ES 1 (- I)' - :: ':;I I ). R<" I k I' .PK k ':I' , -f.TF1 :I

II" i ' D iE I I ) 9 ALPHA1 ( I'

1 i I" F '1-' 9 A 1 _:OrlT I N.UE
11st1 "'14"Ci"(I IF 'iBL .E;'. .3'- 1OT0 4
f~rl(1;141 (C- ... PPINT -OIL DATA FOR DFED3E' FILL
ArI' 4 :'iI:0 2 J'ITE .IOUT 111)
Aft r .It04: It1 IRITE 'IOUT, 112'
6002.'i644f, IRITE "IOUT, 1 13'
" WR..t4d 1 I.RTE -'I.OUT 114.' HEF.I3'DF , WL E 00, .1t
ft"' It ,- (14 P. I 1, 1 P I Y E "I OUT. I. 0';.)
'A (It i A47 I IR T C I OUT 1 09)
i00 0.7 F,_4::0 DO 3 1=1 ,LDF
06I1,0491 4P TTE IOUT, 11 ' I I A IE i EI : 'I .I ,. t PK f I BETA , I:
A r : I'. fA ' . D tItE *" I' ALPHA , I'

"ll f5l t .3 CONTINUE

-
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O'IC',52c A ... PRINT CALCULATION D.4TA
sA0 rA05-: 0 4 WR I TE ( OUT9 115)
0A 020dA4A0 W IRTE 'IOUT R 116)
nioliz 0550 M IITEtI OUT. 117
110Ad.? 0 U IRTE.I OUT,9118) TAL 9 EO.2-IK0 DU 1)
Il 0t0'E, 'U , ... PIT TABLES O3F INITIAL CONDITIONS1-
u-10 (1S (0is NFLRt3 =I
OAASA5SOl- C r CALL rFATOUT

Anialeflo NFLA'L = 0

AnAotrefir ... FORMATS
uA2A3A 1010 FOPRMT IH1'"'9X60tIJH*')

(1JAR0 101 : I i FoRMAT(9: ,e494CDNSZOLIDAITICrl OF SOFT LAYERC7 BY FINITE TRAIN4-
"lon&065c, 4, 12HtREDGED FILL)
0002 0660 10i:2 FOPMAT'.9X,60. iN.
i0.f.~67A, 1)3: FOPMAT ..- 9X.14HPROPLEM NUMBER. 4)
t; fi CIP A 104 FOF MAT(8* i /,1SIN*h .3Z-HSOIL DATA FOR COMRRE$C IFLE FOUNDATION.
01029 ~, 17' iN.'
n r Grn07n 0 .0 FORF'TT& 6:.S'9HLAYER6. 1EMSPECIFIC GRAlITY94v, 1 iHtiTER LEVEL?

I', ii ?. 714HITIAL)-
tACK A'(A1 lA't FO]PIFT 4X. 9HTNlIC-KNE$ * * 3:.r, 9MOF ZDL Ins'_:, 7X. 1 IFROM BOTTOM. 8>'.
A11 AP Ar o'.* A 3M UPCHAPiSE)

(1)A1 dA 7 41 0lIi. FPMHT' AX. S. 3.7 . FS.392(10X.FB.3))

li 07lL: fll (19 FflPR-T'4X.SNI PATIO94X.6HS*TRE$C,--:3IX,:3HEABEILITY,4X,2MPK,7X.4NPETA.-
A400(2077 0 E.Xg 4NDSDEi 5*%.,5NLPMA)
uOAE0?:30 110 FOPMATC2X. I?. XqF6.3q6E1O.3)
A 6 02 0-79 0 111 FORMA4Tk,//"3/3(HNV'.26H701OL DARTA FOP DRETDGED FILL,23*:1t4.).
..110-30Pflfl 112L FORMA4T... -. 5LAYER,5XP 16HSPECIFIC '3rAVITY,:3*X, 1HhdATEP LEVEL-

uOAEO~lO ... 5:. 7HINITIAL,4::. IIHUtiIT WAEIG3HT)
gIAAECf:20 11$ FORMA;T '3X.HTHICler4ES7X-',9h4OF ?..OLII'C.6;X, liFROM BOTTOM~s
A00 n? fP:_%Ar 3X, 1 OVOID RAT ID.5X, SHOF 1JATER,)
fi fI.f? c840 114 FORMAT .2XFS. 38XFS39X,rS. 3.S X,F8..3,97XiF6. 2)
noA09A, 115 FORMAT' (/"(8IH*) , Wt-HCALCULAT ION DATA.2S ',jH-*):'
fttt(I l*'2A (1 116 FOr-MAT ./''8X1 3HTAU, 10I' 1 1IHLOb)JER LAYER,7X, 1INLOkIEP LAYER97X.
0 03A .: r . . 13HDRFIINAGE PATH)

AAnA2 0&SO 11? FOPMATi21. -lAMYID RA4TIDI98X. I 2HPERMEABILITY0,Y.HL2!IGTH.

o00020-9c

ruAO02A? (13*R( ETURN
Al00A2 0 9 30 END
A0A2 0940(C
Af 0A(2 095 AC
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A0630000o SULBFDU TINtE SETUP
A0030nifiC
Aio 0 0,3 0 1

11~~~ A :%f " $c0-ETUP MFkE:S INITIAL CALCULAITIO4$' ANID MF4NIPULATION::
00 35~4 # OF INPUT DATA FOR LATER US,-E.

0AAi3fm0h~ COMMON DR.0 UDZ0DUFODZI 1 9D1Z1221,DZDZ919 iC.,EEOELL, ELL It
GCr rC 1 9. Gr, ',C1GG 7 1 9l,-3BL, G-tF9 131-19HEPLH,FHDFIr,IrioINZIOUT.

I IJOUTS.LPLLIIFMTIMENPDIV-t4BUV1 .NBLgt4DtNDIVNiDIV1,
(IiiiAj I -fl4FLN'3, NM PRfBNPT NNNNN.T I ME PP 0 0,' 1 PETT 9C-ETT1I.

Is' ''2' FIN.SFINlTALITIME.TPRINTUCON.IJCOti1.VP1lIILIkILlZK0.
hdII 7 1.,I1.1 1 1 A A'.101'. 9AI 'IV-b ,AF (I01i A RF1 c11),R LPHAR"51) 9 ALPHAI1'51)>v

111k:-11 :f BETA(51),BETA1(5',PBF'101',PF(11',t'SDEtS1),t'SD)E1'51),

1-00WA2 50 ES SV, )ESl'51 *,EFFSTPc10),EFZTP111.F.'101).F1.1I),
00AAlrii 21a FINTt101)FINT Q1)1fPie (51).PK (51,PK (51 ,9Rrl.V51),.
AA 0,3 0 17 .0 P 5p I)PS 1 '5S1) , TOT STPeIO I) .TO$TR1 ' 1,9Ut I11) f U1 :11.

I'll)§ 0! 9 A Z .:10 1 Z.2I(I1I

A ,03 0j, IC 0c .. *-ET CDONSTANTS
"10(00?20 tri.A = rBIVl + 1

2A'03 ND = DIV
0n- 0204 S '3 =- 3D F G 1.1

00030250 Gc =G3S '3,
1) 33 1)6 A 35I = IS PL *Gb'
fill A5'f CIS G 3$1 = -S

000A213J0 NDJI = NPPIVI + 1

00.,,q PK~ A0 =I A K tI (1 . 04+E 0)

1)AA ,.3 A A IF (NPL .). 2> GOTO 10

(10 A 0.7 CL Act ... CALCULATE ELL FOP C7OMPRESSIBLE FOUNDATION LAYER
fl,'A~I~II P2 = 0. 0

At' 4A NED =10) * NBRDIV1
ri(I'%S5 1iR9A DA H= L .' FLOAT(NED)
0I Al3 . -,I EFS = Q0
A A 1A ii7f DO 4 I=iriBr'
Am A 3 A DO I N .-LBL
I'0 -0,QAS9 SI = EF$ - PSIaN)

1)00 CA4AA ( IF '51 .LE. 0.0 GOTO 2
AOflu'1410 1 CO4T I NLE
A0 A?I042 1 V = ES IbLBL*1 ; GOTO 3
Afl 0-u:: 4' 2 NN = H-I
n60311A44A V = E.31 (N4) + *Sl. .ESI 1 'tN) -ES I (ND) (PS I (NN)' -P-S I N)
A 0 630(4 'A 3 TDZ = DAR /I 1. 0+V)
A000i311460 C EF% = EFS + GCI+TDZ
000o30470 DZZ = DZZ + TDZ
A A03 A4,8:0 4 CONTINU'E
fl06304'0 ELLI = P2
000n30l50 DZ1 ELLI FLOAT (tBDIVi>

* )0 05 OOO101C
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nntV co' ... CALCULATE INITIAL COORDINATE: AND VOlT' FATIO-
O00Af1?0 3r ... .FOF OMPPESZ -IDLE FOUNDATION4 LAY'(ER
A0 0*-rl 140 21 zl.=n. 0 Al ClISO.O0;xi~
000:~0 55C FF5 = '(C1 ELLI + 00
n0030560 LiO 8 I=1'HDIVI

no~j970 DO 5 N=2E.LPL
A 09$15 S0 I = EF'- P I1(N)

0 2 0 '5?0 IF c51S . LE. 0l. 0' SOT0 6
no10 0e:' 9- £011 0 CO1 NUE
0001 3- I fol EII('I = ES1(LBL) - GOTO 7
finAS 0620 6 NN = N- I
r, 0 1fl& -0 EI1 (1) ESI (N) + CSi IC E31 "NN) -ES 1N ( P-7.i 04i -P.7 1 (Nf)
6 0 .:.0E40 7 Fl "P = El I ( F)
,100.306'5 0 ER(I) Eli JI
0103160 EPS = EPS - GCl.DZl
,W0A03t' SV1ro I CONTINUE
(UI; 3rEP--f- CALL INTGFL(EPDZlNDPIVlFINTl)
10 0030 rt.9 0 tDO 9 I=2thDIVI
n s3r0c0 21 (1) = ZI 11) + 021

n003nfl 0 l (1' = 21 ([1 + FINTitf'y
AnA.-: 07 20 XI Ii, = R I(I)

no ( i3 0 t7 3 -1 1 :0 I C NL;NE
h10 :3 0740fC
M1030750C ... CALCULATE ELL FOR FIRST DREDGED FILL LAYER

0 0 03 r6 ~. 10 ELL - HDF / Q1. 0+E00.)
001131, * n IF HEBL .E0. 3) COTO 15

(111)- 0:9 -411 ... .CALCULATE INITIAL COORDINATES AND S- ET VOID RATIOS
AfOO30l.-11 I'S ELL. x FLOATQ-(HEDIVi

(t00.30 El (1) =EA'J F i'l) =EO() ; E (I) =EO
0 03 0..DAs = HDF -'FLOAT (t4DIy)

0 (3 &-.4fl DO 11 i =2 NDI V
6003085r, TI = 1-1
0 r) 03V 0MU 2-'1) = 2(11) + 02

0 C ', A 'i) = A CII) + DA
00030-.41 (I) R A(I)

00130390~ El'I = EO
O6030900l F <I) =EGO,
AA063 0410' E(I) EDO)
0A0'-'' 092 i 1 CONTINUE

00030- 4fli ... ITLIULATE FINAL vOIrD PTO?- FOR DREDGED FILL
n) 113a'45u0 DO 14 I=1.IIBDIV

00113960 1 = '3Cc ELL-Z (I))-
o, fjo37o0 IF (Si . LT. 0. 0) -si . 0

0o,030930 DO] 12 N=2 9LDF
0003090 52= SI -4 (N)

00031000tl~ IF (5.S2 . LE. 0. 0) GOJTO 13
000l31 f1 1 12 CONTINUE
000o31032f0 EFINtl) = ESQLDF) ; OTO 14
ooof)i 03c 1:3 I NN = N-1

2~ ~ ~~~~f. 1)0310 (41 EF IN '>)= ES (N) + 5.,E 1D-Sd'/(S"1-S()
1001090 . )1 14 CONT I NUE

031161 EFINHNDIVI =FO
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A 1)6? 10801- ... CLALCULATE FINAL VOID PATIO7 FOP FOUiNDIATION4
ft0A0l3 1 0190 I F (NEL .EO. 2) GOTO 20
(00311 )') 15 C1 ELL1*GC1 ; C2 = ELL'GC + 0:1
n0 031 110 S1 =cl + C2
IIIA031120 DO 18 I=1,NDIV1
010031130) $2 = 31 - ZCI)*.C1
00031140 DO 16 N=SgLFL
00 031 15n $3 = r,- Pit1(N
A 00l3 1160c I F (2'3 . LE. 1~). GOTO 17
A0031 170 16 COHTINUE
A00:4180 EFYNI Cl) -E:1CLPL) 'SCOTO 18
00031l~ 19:0 17 NN =N-
0003 1$fA11 F IN I I* = ES (N) + (3 (ES ICNN) -ES 1 CN ) -(PS I CNN'P 1 'N,#
10l)iYI Rl10 18 CON T INUE
11 ,0 31 a IF NFL .EO. :3,p EP'(HrIIl) = EFINi'NtIV1)

0 A0' 12 4 0C ... CALCULATE INITIAL -TRESSES AND PO'PEFETPE
'At.....u FOR tOU14DAT ION LAYER

rA11j'4o, DO 19 I=1,NDIV1
A0011.r0 Ui 0D 1 a3I GlI * CLLI-XI I 1(1))
000 -leJSi) L I = '2 - 1

nr''i'1i'i FFZSTRI (I) = Cl - GCi'Zi "U1 + 00
A 171fl -d1 0 TOSTPI (I.) = EF$TR1 QI) + Uhldi(I)-
A 117. 131 26 19 CONT INUF
A 0cl I ; 30 c ... ULTIMATE SETTLEMENT FOP COMPRESSIBLE FOUNDAiTION
11t011 1.4U0 VRII = FINTI K*NDIYI)
fui.-l150 CALL INTGRLVEFIN1,DZ1.Nt'IV1 ,FINTI)

A 00'13 A.~ TFIrl = VRI1 - FINTI tNtII1
000 3l370 IF N6L EO. 3) '3070 25

fln0312,1 .... FOP DREDGED FILL LAYER
A00'3 14A'' 20 DO 21 I=lNDIV
0100 141'' 1.10 k, I = G3, * C.JL -X I (U.I

nhil .:_142 UQ) = C * ELLZI)
fiA6314d3CV 1 2tij U Clj ) + I~J )

A00N144n EFFVTRCI) = 0.0
flOCI 14 .11 TOTSTP.I) = UIA(I)
A00,1460 21 CONTINUE
flflO3I470 ... ULTIMATE SETTLEMENT FOP DREDGED FILL

flOO~t'.' CALL INTGRLCEFINDZqNDIVFIIT)
006:31490 SFIN = E00+ELL - FItTCNDIV>
0003190OC

0002510: ... .CALCULATE FUNCTIONS FOP DREDGED FILL
000.....0 PERMEABILITY FUNCTION

"'10315,,30 DO 22 I=1,LDF
re003!: 1940A Pie ',T) = PP I (1 i. 0.ES (1).)
0009 15507 22 CON4TINLIF
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10 031 56t- Si ... LOPE OIF PERMEABILITY FUNCTION -- BETA
I1'Af319?flC ... AND SLOPE OF EFF STRESS-VOID PATIO CURVE -- I'DE
1100315,41 CD - ES- *3% - ES (I>
(10(13159(1 BETA(Il (Pie((2*)-Pk'(1') CD

001)31E10t L =LDF I
001031620 DO 23 I2'gL

AW00164(1 CD = FS' IJ) - ES(II>
110(131.RS( BFTR(I) = (PKi*IJ)-PK(II') C/ D

000St-b' DSDE(1) = (PS IJ)-RS(IIfl CD
110 013 1E 7 F3 CCINTINLIE
(1(1(31~so CD = ES (LDF) - ES (L)>
1) 116 C.rG BETALLDFJ = (PK(LDF)-PK(L>) / CD
A 0 n 3 17 10 DSDE(LDF) = eRSCLDF)-PS(L)) / C'p
n(1C(31710C ... PERMEABILITY FUNCTION4 TIMES DSDE -- ALPHA

000,1720 DO 24 1=1,LDF
110 0:31 -f3 A LPHA(P) = P1(a) * D.DDE(I)
(0031740 24 CONTINUE
A G:A? 175 IF k'MEL .EQ. 2) GOTO 29
C10031 ,'1J1
(1O(:3177(1C ... CAFLCULATE FUNCTIONS FOP COMPRESSIBLE FOUNDATION

(10.....1 PERMEABILITY FUNCTION
110 0?179 0 F5 DO 26 11,PLBL
rilnln 3i600 ( PK(1(I) = P1(1 I) / (1. 0+ES1 :1))
000?161 s IC. 26 CONTINUE

fl(1.....A SLOPE OF PERMEABILITY FUNCTION -- BETAl
(1003.... AND SLOPE OF EFF STRESS-VOID RATIO CURVE -- SDEl

0 1) 1 '384 0 CD = ESI (2) - ESi (1>
0 A 0 -16S50A BETAI'l = (P1(1(2) -P1l(()) / CD
r(fl01':.1 ' DSDE I "P1 = (PI()Pi'n/ CD
aO31E'70 L = Lit. - 1
A ;i: 6. ':'; DO 27 1=29L
A 0 1'1 1(1 90 11=1-1 ; IJ=I+1
000319(10 CIO = EsI (IJ) - ESi (II)
A 0 A :319101 AETAl (I) = (PC(JP((I)/ CD
00031 93(1 DSDEI"I') = (P1IhP (1)/ CD
(11(3193( 27 CIJNTII~tIF
(10fV I940 CD = EZ.1(LBL) - ESI(L)
000f3.1950 PETAl WErL) = (PKI1(LBL.'-P1 <) / CD
"01(31960 r'SDEIcLBL) = RS1(LBL-PS1(L)) / CD
(100319foc..........PERMEABILITY FUNCTION TIMES-z DSDE -- LPHR1
00031980 DO 28 11'-LBL
0003I9Q(1 ALPHI4I(I) = P1(1(I) * DSDE1 'I)
(10(132(1(1 28 CONTINUE
A00,2261 OC
6003202K1C ... CALCULATE BOTTOM .BOIJNI'ARY DUIDS
nA0() _qJ- A40f DUD-I 0 = Ut (1:.- DUO

(00:732 095A 29 IF (NEL .EQ. 2) DUDZIO = U'1l) /DUO

no( (33' (6 (c
0(0A3 2 070 C ... COMPUTE VOID RATIO FUNCTION FOR INITIAL VALUES
1 .10?2(1A8 0 CALL VRFUNC
(100:32 09A

4 ((1(321 n(1C
(100:321 10 RETtIPN

* . (10321.20 END

n00 -,? 14 OC
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A006400110 SUBROUTINE RESET

t6iu4063OC1 * REZET UPDATES PREVIOUS CALCULATIONZ TO HANDLE*
(1f04f60.40: # ADDITIONAL DEPOSITIVRIS OF DREDGED FILL.
6)0 04 r, 5 OC

1100 4n(170 CMO DA.-DUODLD1ODUZIIDPZ1.DZDZ" IDOgEO.EOCoELLELLZ,

66)0400:36 bC9bC1,G.GS1I:GSPLL,.DFG1idHPLHTJFHDFIIN1.T4N>.TOUT,
n0L14i66q6f & IOU TSgLBL. LDFMT IME qNBD IVYPNEDIVI.-NFL 9Nr D IV .NPiIV 19
666-4n66 NFLFG.NM NPROBMiPTNNDt-NNNNTIMEPKOrO0,iSETTS-.ETTI,
606f4il1110 SFIN.SFIN1,TAUTIMETPRINTLICONUiCONIVRI l,IL.WLl'ZKO,

fit)0f4013 30 2 ETA(5l)PFETA1 (51),PBF(101),BqF1 (11,t'ISDE51) ,DSDTE1'(51.)
00:l40140 aECLIl) PE1 (101) Eli 1i, ,EFIN'101) 'EFINI (11) gERPh1)
r6 A6110 9C ESt51),ESZ (51)fEFFSTR(101 ) EFSTR1'I1Ill),F(1 01),PF1(11),9
0 00 406160 "1 F I NT( 10 1) FItNT1 (l1)b Piek *51 9PK 1 051) 9RK (5 1) 9 RK1 (5b1
00164f170 6S5)Rl5)TTT'6?TSR(1,I11,lb
01 4 0 13q0 Ll u 10 1'U 101 ( 1i) pb 101), (*ion9UMii (iD ,N I (101 ),9 XII (I1D),
6 f k t4019 r Z 01) ,Z I 11)

.'il6402Ij1 61 IF *MBPL . ' I3 1 = 'iLl
fdfio40p8i IF cHDF1 .LE. 0.0) PETUPt4
fol"40?730 IF *01L .EO. 3?' 01 = ROFI + 01
f6110644 IF (rEEL . EQ. 3) GOTO 5
066-40c250C ... CALCULATE ELL FOR NEXT DREDGED FILL LAYER AND RESET CONSTANIT'
60i A62 60 EL = HDF / (1.0+E00)
000 (4i)%zb5 IF (NFL .EQ. 2) l(i) = Ui) + EL*'C
000403656 Uli (1) = Ut 1) + EL*GC
00040270 NDZ = IFIX(EL'DZ)
606)40i236 ELL = ELL .+ DZ*FLOAT ND)
60040290 NV =ND + 1
00 0 4 0':,,1j0 ND =ND + ND,-
(If60403-'10 NE ND' -I
O0040-3?0i: ... CALCULATE ADD1TIONku COORDINATES AND SET VOID RATIOS
1100403:--6 DO I I=NV.ND
00040340 IT = 1-1
00040350 Z(D) = Z(II) + P2
0 )0*0 :09E0 At]) = A (I 1) + PA
00064 6370 XI (I' = 21UP+ DA
006040380 El 'I) = E00
000403:90 F(I) = EDO
600404011 E (I) = E00
60040410 1 CONTINUE
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A)004 04.C ,,(' .. .CALCLILATE FINIAL VOTE' PATIO: FOP DREDGSED FILLt
Ci00(4)4N -f DO 4 1=1.115
00614t1446 i=G*'L- I
AOA4fi450 I F C:l .LT. 0.0 oS71=0. 0
fii04('460 DO 2 N4=2SPL DF
AP r14 0-47 11 2 = :2 1 - P5*7 N
0k)04 f14,eO IF (32 .LE. 0.0.' COTO R
f,;fl0400 a)W 1 CONT INUE

0004 0'3 EFIM'D = E$'.LDF) ; COTO 4
AOQ40' 1 3 NN = h-1
(1004105ii0 FF111 ( = E S trN) + (312* ' Cr11 -E':? Q- .PS * 14 .riN P~ (N)
A01)04 0i5:70 4 CONT rNL'E
1f004 09'40( FF111NND = E0O

011049600 ... CALCUlLATE FINAL VOID PATIO7. FOP FOUNDATION
00fl()4097 In0 IF (NPL .E0. a> GOTO 9
f,0004 0580 5 Cl ELL1.GCI ; CE = ELL*GC + 01

uuA405Q1 Ci =I + CS2
00040600.Af DO 8 1=1' riIVI
r, (61 A sa = N1 - .21(1.GCi
1)(6406A20 DO 6N=2 LBL
fi00i4 (i-,. 0 P. =' - N

0004640 IF ('3 .LE. (1.0) GOTO 7
06040690, 6 CONTINUE
f,(1646E.60 EF114 (', = ES I* (LEL' - '30T0 S3
M00406-70 7 NN1 = ti- I
cl0 04 G S A F1111 .1 = ESI (N) +'V.Ei'I-u')'(5 Ni-~ M)
fi 1) 6406 90 8 CON-T INUE
00f040,7f 0C ... ULT IMATE SETTLEMENT FOP COMPES S I LE FOUNDAT ION
A00l4 0 7,1 P CALL IN+TI3L(EFIFNlDZiNDIY1.FlINT1)
r.,A4A0720 :SF111 = 'QPI 1 - FI14TI (NOI%,-I)
ri A4 fir '7 0:

0004 0740OC ... FESET BOTTOM BOLUNDARY DUJDS
r000 4 07 45 IF kNBL .E'?. 3) U I 1) Ul 1 ( + HDF1I
AuAf4A750 D.nri 10 = Ii -'1 / Yu A
A0604 0755 IF tNBL .EQ. -3> FETURM
t1604074 Al 9 IF (NFL .El). ia-) 10,121 0 =U(11) .. DUO
000407700
fl0I0(40(1: 11 .. ULTIMATE SETLEMENT FOP TOTAL DREDGED FILL
013040791) CALL INTGPL-'EFIN. DZ~qNDqFIN-T)
100'40 00 (1 S' F IN = E@0*ELL - FlI-IT(ND)

fill04 f-"c20C . .. '-ET YOUr PATIO FUNCTION.FOP PESET VALUES

000t40i630 N = NV-i

W0450 AFf'D* = AF04.)
00040860f EF(TI) =SF('
000140870 10 CONTINUE

( 03 01-0f RTR

00040910 END
0 4 092 OC
(O00409?3OC

B12



0 0A 0 1) 1 SUIBROUTINE FDuIFEQ

01A15fi(f- li * FPIFF0 CALCULATES NEW. VOID PATIOl AS CONSOLIDATION PROCEEDS *
inA~ii1v: # F'r -!; EXPLICIT FINITE DIFFERENCE SCHEME EAKED ON4 PPFVICUC *

C10 Il f5 vSc * VOID PRTIOS. SOIL PARAMETER FUNCTION: APE CONS7TANTLY

At. * tIPUATED TO CORRESPOND WITH CUPPENT VOID PATIO.

C,00500?11 COMMON I'Fe 11110p DLIDZI 0' DUIZI 1' DLIDZ21 - DZ9 P22j 9 DO' Efi EOC, ELL- ELLI'9
000F5fi3 0f) I 3CGLG SlGSFLGDF GI.IHFPHI'FHDF1.- IN. INS- IOUIT9

005010IOUTS.'-LBLLDFMTIME, NFDIVNDIV,NLND NIVNDI'1
0 o5A . ~ NFLAG-.NM.NPR.OBNPTNNDNNN, NTIMEPKOQ01.19:ETT. EETTl.-

A C 0; 1113 11 t- -7F I N.S'F I NITAU, -TrMEoTPP INTP ICONUIC ONIPVF I I PbIL Pl- I--Y.,
r, 050A140 (1 All ( 01AlI (11>,AF (10 1) AF I 1I) 9 ALFPHAk.5 1 ) 9ALPH AI ':5 1'
fA A5 , 5 BETA-51),BETA1*:51),BFF*01),iBFIIl),D:-DE'51.,gDS7DE151).
11 .60 ~.E-'l17:. 9El (101) 'Eli (11) 'EFINi101' 9EFIN1 (11, *EP'11',
0 A050170f E,7>51) 'E*S1 '51 .-9EFF:- TR 10 1' EFSTF1I 11' 0F 10 .FI-1 1'

0A(151111 F INTI- ) eF INTi I'.11, 'FF (s.i'5jF), (19Pf .91 4$I , 1 51'-'
A00(!5010 A . P-7(51)l-& (51' .TOT3TP- 101' f TOSTPI 11 iU 1101) UI ill'
0 ) 5:'('0 Ill Ul0C101) 9001 l 1P k,UI 101) ,Uk1ill I lb 9."1 Q01) X11I -'I I'.
G0 0'" A ;-,Ir Z(101"- q21 (11'

0''s (150. 6 ... SET CON:TANTS
Oia9Ii fc-4fl CF =TAIl.' 6'3,l.1Z)

0,;I~i 1 a' 6M f1=r ND - 1
00119: ii IF (NFL .EI). 2) CO0TO 5

,IA 6A NI ;f DZ12 = 1:212.0
0C, *) a oj:1r CFI TAU ('31dDZI)
A',0 01i 0 - I F 'NL . E9. -3) ER (NDI V1 I EF IMN! (NIP'IV I
60050911 

0 L
0f0"9l LA' .LOOP THROUGH FINITE DIFFERENCE EQUATIONS UNTIL PRINT TIME
A0 6:1 11 2-- C'
,00A9ArA;?C ... CALCULATE VOID RATIO OF IMAGE POINT AND FIRST PEAL POINT
0009 1 i174 AC .. FOP COMPRESnS ILE LAYER-
1 -1 fI5I-'5 Do 2 rI=2 9LBEL
(jOA9A 1 -A CI = EP(d - ESI (I>
I10 1 ( ' 1 IF (l .GE. 0.0) GOTO 3

0011=A '' 2 CONT INUE
AAI91 -iil DSED = E'DIl Lit) ; '30T0 4

1 059g4 1 0i PSET' DSDE1 'I)+(1'D E1'-DtE I''Ei()E1*I))
0009504 P17 4 FlO =FI(2) + DZI2.(GC1+DU-DZ1D)/DSED
00" A64 .0 DF = 'P(2*)-FlO) / 2.0
00050441- DF2D27 = (Fl(2)-2.0.FIQ')+FIO'1 DZ1
A00.n04c5 AC = i'AF1(2--Ft (1)) / P21
A0tir46 A ERf']'- FIP.' - CFI.(t'F.GC.FFI(1'+C,+F2Z.AFI1.))
C0605,1470 IF 'EP(I .LT. EFINI(d)) ER(1 * = EFINL'1'
0 00950A48 f IF -'TP (D. GT. El 1(1)) ER () =El 1(I-
AA0504'0A IF (EL. .EO.. 3) GOTO 24
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00.059 (1fc .. . I'P DEDGEE' FILL
0I)- 0 l 5 [DO r. 1=2p LDF

A 0l5:i.? 1--0 CI = E a ' - ED- ( I)
17%0 651)15-; 1 IF (CI .GE. 'tO' G)OTO 7
f:00e!5 W240 6I CONTIN 114F
00A0 5,1 5 (I DiED =i F rFEkLPF.' ; '30T0 8

Anr05 j5r7f1 DJ-,Ef D fl'E-'I' + Dc.PEEI,.-D:D E (II)',, 'F7'I -E' 'I I
005f59 8 FO, = Pc.?, + PZ2. GC+PL'P221),[D3Er

1 rin 505? n D = (FE '-FQ:' .0
i05 0 r'F2D2 = (F't)-2.0.P'1'+Ffl' - 2

-'':''15''61 ) AC: = F'.? )-FF()
tfoA050-J2C' E' =.1 F'I) - C:F.U'DF.'GC*BF ')'.C'+IF2P.*F f1I
1) ')15 0 A3 i0 I F (' I.L T. EF I N (: E-1) = EFIN'1')
r0F 050(6.4 A'lC

c ... CALCULATE VOID' PATIn OF TOP POINT IN COfiPPESU-IELE LRAYER
0 (005 A P0C IF t N BL . EQ. 2' 'SOTO 27

009070 DO 9 1 =29 LI'F
(10)050(1 k Ci = EDl - ECUm(I)
170050690 IF 'C 1 .13E. 0. 0) GOTO 10
000l A50A70 A i'l fCNTINUIE
f005A7Jj)1 EST = 7 RELDF' ; G3CT0 11

1)5fc; 7 E.D T =P' 1' I "C I* ' PR (I Ii' '( -)-E~ '1I.)
116105674A 11 DE7T = £1T EFFSTP'1'

1- 1)5017f'A LIT = UJ'1' D EST
I II),7t- EF!TI = EFZTR1(NrII + DE.T

00090-,70 DO 12 I=2%LBL
00050C ro7 AI. Cl = EF? 1 - RD 11 )

11.- 05 ) ' A IF ft-. .LE. 0.0.' GOTU 13
12 cor4T I NOW

fn r i: I I* ER NL'I'QI = E-i(LBL' - '3010 14

111 (1 (S-1r, EF'.'t4ID1'- = ES (I,' + (C 1* .ESI -'11)-ES 1). I (FD1 c.-PH cI(
nfl i0 ,, lC-T WY- FL

10"9"- "L ... .PE.F FOLUr'rF, IDhTC FOF t'RED'3E FIL
')(Ic,fo~, A 14 DO i5 i=aL:L
0fI10A700 Cl = ER' tBE'iVl) - 651 'I)

0005ss(I IF ':l GE. 0. 0) GO010 16
005 0:' 15 CONT INUE
Aru09090 A ES3TI= RM (L6L' ; GUITO 17
r,0509 1 65 II4 = I I
00050920 ESTI -S = F l(P) + (CIP ')-SI( E71k1 E 11I)
1,A(050)9,Fl 17 UTI = in NBPIV1. - ECSi + EF:TR1 *4FE'iVl..
00 C,5 (9 4 r PUtZI.E = (UIT - LITIh 021D
nri0509 50 DO 18 I=2.LBL
000)50Q:60 Cl = ER (NDIV1) - ESI,' 'I)
r'n09017r IF -'i .GE. i).0', GOTO 1?

- 0,9i~r' 18 CON? I NUE
o 0o: C; RF$ER PkIU-LB: *1 GOTO 20

C1005 01 PVKER PkI-'' + eC 1*(Ple' )-RV1'iII+', E'1I(I) -ES1'I''
CIAi0I "I ( 20 DO 21 i=29LI'F
A 0 V;o 1- l Ci = EU>t - 7'I
(00510J4A IF fCl .'E. ('.0' 6010 22
11051 fl9ir 21 C:0NT1I1c41;E
000 11,I-I ;f PIKE - PY('tiF' ;6010 23

* rlC,'511,7I) 22 ri = i-i
6,0051 :.;:(I PKE = Phi,() + (C 1+(Pl (i1-FKc(I Y) E7'EU~.
A*iW 00514 r"l 2- TOIDt'21 =DLi.2-12 . F4ER PrE
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00051 1 t.- ... CLCULFITE HFIld 9011' RAiTIOS FOR REMAINDEER [IF MATERIAL(I I': cll r t 11,4i ... I COMPRESSI BLE FOUtirAT IOH
'''S! 13; .4 DDi 5 1=2 vINED IY1I

13fl~ 1~ P, P = :FlIIj-FIfIJIn .
11160 P I, F2D- = :Fl IY' )-FI t~ *Ia oCpi I.I-* 1

00fl5 170 AC = 'AFI a-APIlI- x1' - P212,
E'%i1 P0 ER'I' Ft I(11. - C F I.D F.G3C.B I * F -+4C.,r F+ERFDPi F I :I)

AOOS 1193 25 COH1T I L'E
('O.....fl REE:-ET FOR NEXT LOOP
r~iI=11i3 DO 2r, I=IHritIY1

1710 5 .31 2 6 017 F fl =E Ri .

0 051 c4:') IF :rL .EOD. 3) C0TO 30

fl 0'5 12&0 Al 14 fEldI R01' TIOS Ill DREDGED FILL
Afi30'5.I :7'6 27 DO ;7,i I =2 - WMP

Afl~ti330 11 1-1 - Ii 1
0001.9i ='F'! I-0-Fij, -.ID. 2.0(

I 1;51 63 E'. Fk'' CF. ''D.* '3C.FI +IC, +DF2DZ*.RF 'I1

11flfl 1 313 2: ClO TIJ E
00 (1651 ;41,1':.. RES7ET FOR N1EXT LOOP

A A 1 3t PDO 29 I=wi Nr

('fi A 2'?1' ( CONT I NUlE

nlr'ol CI1 ,4Ik .. . ;'E7ET BOTTOM POUt1tPY DUDPJ FOR C'Ot'PEC SIDLE LAYER
300 fI140A IF (44IL .E0?. 2) 'SOTO :34

(ii65410 30DO 31 I=2.LBL
A'05 14 2 C I EP "'1) - E:,-i (1)
ci0"'5143I' IF etC1 C'E. 0.0,) GOTO .F.
A'A0W514 4i 31 -''IO7rTJINL'E
V0094450 Rfl'EP =P~l' +LBL
(00051463l E.STI PZ-':I-'LEL' ; GTO 33
0005147n 32 11 =1-1

0OC'51480 Ca 2- C I '/ P- *IES --- I 1
A 0 1=14 ?0f, P RFEP =RId 'I) + 02. 'P41( I) IY-PWe I 'll)I
11 n0515 r 1 EST I =PS JI m + C2+ (PSIt j -QSi (I Q)

110 0511 C, 33 PJDZ-1 1 P UP?! 0 . PK0 RPKEP
0005M?"0 UTt Ui1)1- - ESTi + EF$TP1 (p
('(' 05 15316 PDJ ' ( UT I, DUJO
fiO14w 510T0 3P
A A 1 5 155 0c

B15



0fo(1iseo':i ... RESE! BOTTOM BoIJNrIppy PUDZ POP DREDGFr FILL
nfi-rO7 34 DO 35 =2oLI'F
(010 i,5 5:iA C = E(.1- - ET(fl

l~fll~j5;r. IF (C1 .GE. 0.0) COTO 36
A' ) A5 .(I I AC 3 5 CON! I NLIF
1)ASA 1 6 '.1 1) PKE = Pie (LIF)

1)0651 620 EST = R5Y LDF) ; GOTO 37
6 (110:. ft 3 6 II = 1-1
1)015 164 o C2 =CA [SI-EI)

A10-516.51 PVE =PV .1) + C2*'P~i1)-Pr '1I))
AAA91t~tA ES!7 = -nI) +':.c I- i'

1) 11171E.T7 0 7 DL'ID721 = DUD.i 10 * Pie (I PieE
UT = U~l - EU!w + EFF$TP (P.

5AA1&3(1 DUD7I C = UT / DUIO
n(051 70

001 f 7 1cC ( ... CALCULATE ALPHA AND BETA FOR CURREN4T VOID PATIOS
A051 720 :33 CAL L VRFUNC

Ci A 1 174 Ac " ... CAL CULATE CLIPPENT TIME ANt' CHEC K RAjt-IN: PPINT TIME
f,05 17,5n TIME =TAIJ * FLOAT(NNN')

051 76C' NNr4 = rIr + 1
faAOlT7A IF -'TIME .LT. TPRINT .AND. NFL .E0'. 1) GO0TO 1

AAAf5IT:30 IF "TIME .LT. TPPINT .AND. MEL .Eo. 2. GOTO 5
A l5 17 1?07 IF kTIME .LT. TPPINT .AND. NFL. .EO. 3) 'SOTO 1

0') AS 5 1:,;1 AC . .. C NEC TAB L ITY ANt' CON 51 STENCY
fil0051920lr IF -NFL .EO. 2) GOTO 39
000r5133:0 STRF=AS'd.2Gb '' .F f.

A~i('5134F TE STAB .LT. TAU - WRITE (IOUT. 100) NPROB
AA59O CON = AI '2. F.AF '0 CONS1.BF

k.:5136 IF 'CONE . LE. D71) IJNTE (lOLA!.101. NPROB
n0o63107') IF 'NFL .El-. 11 RETIJRN
rlA f9 1.:? ' r. 7STAP. = A P T' 'DaZ..*2'31J' -''2. O+AF 1Th1
A0IC91879f IF '< TAB .LT. TAU) IdRITE' TOUT. 102'- NPROB
Cl i 5190 CON: = AE"2 .F1''-G.F '

6(05191 0j IF 'CON S LE. DZ> A)R I TlE IOU! 10.-'- NPROF-
AC CS 192 cC
A1 Al rA5.9 3 rc .. FORMATS
00051940 100 FOPMT'.''/'-:3SSTABILITY ERROR -- FOUNDilATION -- PROBLEMs 15)
000519450 101 FOPMATt' /,4HC:ON$I TENICV ERROR -FOUNDATION -- PROFLEM IS'
I)AAf5I9 C 102 FOPRT'.-4COH:TAD Ij, ITV ERROR -- DREDGED FILL -- PROBLEM. I )

(IIA1~A10? FORMAT' -x,.,- 42HC-ON' l STENCY ERROR -- DREDGED FILL -- PRODLEM. IS)

AC (1r5.? 00(0 PETUe'N

Ai A A52 02 O
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AD-AIuG 112 ARMY ENGINEER WATERWAYS EXPERIMENT STATION VICKSSURGB-ETC F/G 8/13
CONSOLIDATION OF SOFT LAYERS BY FINITE STRAIN ANALYSIS. (U)
MAR 82 K W CARGILL

UNCLDWS/MP/GLMP/GLB ML
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00A fl0 SIJF.POLT INF VPFIJHC

(.0 aACal AC

A1 A 0 Aif.3 fo: . VFFLINC CaPLCULFATE F.LFHA ANT, BETA FUNC riow7
r. 0(14c~c * FOP (iRPsrT VOID PASTIOS.

AoffgAAA)7( C.O-Mri4., DR. tuO. r'ur) 11o1Z 10 11* PUiZE 1i D'>- DI i ,DO E. EGO.0 ELL ELLAI
r, is16 A0:?DA AC i~C, 1G-'l a.! fI , 031:SEL, GAP; Gl"- HPL,9 H EF 9 1rFl I Ira N-IrNis I lair.
A0 4, 090 61OLUT .R LL L DF, MT IME.- NBDt'IV,'t ri rI V I-HB HPPL NID I Vy ND'

00A6011r 00 ip r4PL.. ,NMptiPRUB, NPT, NHiD-rn'4, NqTINEtPVO. 00.01, S ETT. :ETTIt
fil '. (I1 0 SF1 H. SF NI*T~l. ~iTlIME .TPR tNT * ciCON * CIj0 ' 1* P Ii , kILBlL1,2': Ci.
C0 )p_, I?0 A~ I 10 1) .5F1 I e ) 9 AF(t0l1) SAF1 I11 k * )ALFHA(51 .ALPHA I( ') -
004F02130 A~ . PETR(51' ,BETA1 (51) *FF'i01J)qB,1Fl ( : DD~1,?~ 9

, i14 0 E~ E*'1 EI ( 10 1 E II21 9),FFI P.leO 1 ) , EF I N 1l: 11iEP' -I,
600415 ( C(5 ESS S21 (51 ) .EFF STFP EF:TR I'11 ,9Flo ( *01F I 'I1
AP606 FINT (l10 1.F INTI( 11 ;Ft e.51) 9 PI l (51 ' ~i Jl 9 ,Pf 1 k*51',

r, A6 rl17 0 PS(51) qRSi (51 ) *TOTS'TRklrl) 9 TOSTFI '211) .U1I 1 ,U 111;
A0~176is0 UO(101)idUQl (111 dk.''2101 I PU61 ll ) , ll<T 011 .1 tj

I)' f(.f.o 02.0 0'C
IAA (Il IF (NF'L .E0. 2) GOTO 4

11011A.,022017 ... FOP COMPRESS IBLE FOLUNIDAT ION1
I 1171 ' 0_, 0 l.i cO 3 T1 ft bIV1I

AA 30 '(1 -:ER (1) - ES51 'N'
AA0(16iii ,:,1 IF 'Ci .135E. 0.0) !SOTO
A A 15. ..;7'7' 1 C 0 N T H UEF

S1 F1 (' =FaLPMS1 LEL'
A~a30.Ea(: FF I ' BETF 1 (LEL) ; '30T0 3

AAf, AIR- Cir 2 0 A S UN N-1
1) 0)60(:3 10 CM 1 C I (ESE I (N) -ES I 0N))
0006 030r SF1 I1) ALPHMi1 (N) + CM. (SLPHA I (N, -P4LPHP I tN
(I0060A (IPFI(I' BETRI(N) + CM.(L>ETA1'N)-bFETA1(NN.)

A')40~f' 3 CONTINUE
fl:0&0 I 1 F NFL. .EQ. 3) RETURN1

001060700111 ... FOP DREDGED FILL
A04 03: C 4 DC 7 I-1,NNIi
0Aoi)O9 DO 5 N=2 PL DF
OAA4 140 (I 2- E I) - E0
A0604106 IF (Cl *.GE. 0. 0) GOTO S
AO1iOfE.0--430 5 CONTINUE
A06 , 04.3 R7 r F(D) = ALPHP(LDP)
0 00(60 -46 BF'I) =BET~A(LDF) - CO0TO 7
ri00 ,60450 C 6 IN = N-it
000A0466 CM4 = 17: 1 -E1tN

A0 06476 F cI' = PLPRS(N') 4CM. "SL PHA (N) -ALPHA (MN))
0, (148A PP I' = BETA c M 'EA()-PT)N'

fii'v6A4-. 7 CflT4TI.
A k117 07. , 11 SF (Nil) =SA PHS'e1

11 hia 1) A HFND) PETSo'1)

fl'i- 540 RETURPN§1 AA~g~flU EMN
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0067000.- SUPPOiUT INE ;TPES-3
'1 AA 7OAn
Afl Ai. :A
A A Ar7A)I A17 * STPE$:7 CALCL'LPTF3 EFFECTIVE Z TPEC-SES' TOTAL '7TPEM.'_E$, *
fAAI)7004fC * ANDT COPE WJATER PPEF-j iPES P.A'nED 01N CURREN4T VOID FATTO *
A01070r('90C * A'4D VOID RPTIO INITEGRAL.
1(AA70RA.1C)1.

0 o 0 r"70f- i
opfi7l000 Oiti0t. DA. -LO £L)DUDZ16 0, DL'DZl 1I ritJDZ 19 DZ 9 D21 EDOC)' E0 -E G A EL. L FL LL I
fiA07003, 'SC' -W .'3& I M G 'MBG 13L - G h'F GbI~ 9HBL MF9 HPI'F I N IN Ir& TOU T
A0?01l~ 0f, IOUJTEqLBL,9LEF.MrTIME, N6rP1VNBDIV1,qNBLND NDIV N'IV1,o

IAAA310NFL A'S. t4MNPP0BNPTNDvtiNr4,r4TIMlEg F0 'O 01g~t. :&;ETT, SETT1.
1) 7 0 2 illSFTIN -SF II, TRUL-T I ME,9TPP I NT.-LUCO .O ONI.-VP 11,PI-IL 9bI P Zro,

Il 11 -':24r (1ETRtS1),BETA1 .'51') *F.10l') 9EF1ip 1' *DDE '51) .rCDE1 '51).
1 7 0 1 c fE i01 .EI (101) PElI I11 (II.EFIN"I01) ?EFIN1 -131' ,EP(I11)

P1100 -3 .>(51) ,I '51' ),TOT$TP (10 1 .TOSTPl tII ) 9 Uto 101) 9 L'1 -'11)

IgA7J'( .2(10 1 JJ'11 I)PUh 101)9L! IQ1,XI-'1.9XIII J9
0 7 ('S Aif,

f(0;ArA s0c ... Lr1LCUJLRTE VOlDt'PATIO INTEGRAL
00 1)1).A3 0, 1 IF (NEBt.. EQ. :3) GOTO 1
il"f!7'240 CHLL INTGPL CE. D2: i4D~ wlT)
A A07 029 o IF (NEL. .E0. .2) GOTO 7
nA0lf702E0r 1 CAL L Ir4TGPL (ErF..DZI. NDIV 19F INTI)

A0007A?,:?AC ... FOP COMPRESSIBLE FflLINf'TIOH
ro.....0' CALCULATE XI COOIPPINATES ANDt !*TPESC-EZ-

nlonri'An DO 2 1=1 pNf'IVl
f(f0A7A1*AJj Xli ') = 2II + PINTIktI)

AO~~c30 2 CONTINUE

0007 Al? 0 WJL = ALI 1 -Ii(NDIl''

fi il710 -.4 'S I = ELL *GC + 1
000035 I = FINTi @401V1) + 'AL
0007AEDO 1106 11Nr'IV1

D~~? DO 3 N=.2 -L B.
A00?~al;Ar C:1 = EP'I') - ESI (N*
AOOZOA--ri I F (C I .SGE. 0. 0' iSTO 4
n0(170400n f- COIT I NIJIF
CIA07 C4 10 EFSTPI(I) = ';I(LEPL) ; COTO 5

100070430i EFSTF1 'li = PSI 1 04) kC*.R51(I -PSI1'NN)'-.'fE,7 (NI-Ezl * NN"
i00070440 5 UOl Q1) = 614. 4 l* -(II )
A010A7 0490, TOE TFI I) = 56 k WI -F INT1 I " + +AEL- GI11

00070460 I4141I) =TWTP! iD - EFz7*TPI 'I)
A00070470 I41Il) = LI'.I1(j) - Uli )J
At0-7174eA 6 COr4T I.IUE
n0rA7P4'A IF 'NPL EO. .3.' 'SOTO 13
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00070530C ... .FOP DREDGED FILL
n00 70520C ... LALCLDLATE XI CDO0RDINRTES AND STRESYES
000705.30 7 DO 8 I11ND
n,1070546 XI(I) - Z(I) + FItIT(I)
fi00705590 8 CONTINUE
11107 0560 4ILL = WL - XI (ND)
00070570 liii FINT(ND) + luLL
1)A(7A08r- D 12 i=ilrir
0007059'0 DO 9 ti=2iLDF
n0070600 Cl = EU) -ES(N)
n0070610 I F (C I .GE. 0).0) GOTO 10
00070620 9 CONTINUF
fl00706-;30 EFF'STRWI = PS(LDFl C OTO 11
A000)706k4 0 10 NN =N-
nl1)0 )o;5es6 EFFSTR '1) = S (H) + fCi.(PS (N) -PS (NN ) ' 'ES (1-ES "rN)
00070660 11 LWt' = G61 *tL-I(f
100070670 TOTSTF(I) = GbI.(bl-FINT(I)) + GS*(ELL-Z(I))
(00706-;0 Ubl(I) TOTSTR.(I) - EFFSTR(D)
00070690 U(I) = Ub)Ir) - UO(I)
00)070700. 12 CONT INUE
000701IOC
1100701720' -.CALCULATE SETTLEMENT AND DEGREE OF CONSOLIDATION
ncif"l7730 IF (NPL .E0. 2) GOTO 14
A0070740 13 SETTI =Atl'NDIVI) - XI1I(NII)
A007075' UCONI= SETTI' SFIN1
00070n760 IF (NEL .E@. 3'PETLIR
00070770 14 SETT = A(ND. - XI(ND)
000707S0 LICON = S ETT /SF111

00070-s00,C
n007081 0 RETURN
007 0820 END
00 070830C
'10070840OC
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orOsoooO SUBROUTINE !NTGRL'EPDZgN'F)

ACAS~f3AC *INTGPL EVALUATES THE VOID PATIO INTEGRAL TO*
i0008014CC * ERCH MESH POINT IN THE MATERIAL.

flO680A17O DIMENSION E01) F(101)
or ? OlSPC .. BY SIMPSONS RULE FOR ALL ODD NUMBERED ME$JH POINT'-

A 1 Al C.1 10 DO I 1=:3.N.2
111iIf0i0 1 (1 9(' FI-2) + DZ.'EeI-? )+4.0.E"I-1)4E'I'>'3.0
100Af1?O1 ( 1 CONTINUE
AA0$P1nfl 30C ... BY SIMPSOW! 3'8 RULE FOP EVEN NUMBERED METH POINT!
0Ac.-;140 DO ;?14p-
A.Aft1 50 F(I = F 'I-S.- + Z F I34.0(C-2+qI+q)*.o80
0005801 6A 2 CONTINUE

0005017CC ... .BY DIFFERENCES FOP FIRST INTERVAL
000301l8o F2 = D.E~40E3,()r.
1100S019o F (2) = F (4) -F:2
nAAobL 0C

"00 0 oa20 RETURN
no0AoA-D30 ENID
AC An 024riC

-,&R



A'f (I ft C AlA L ~JI11 DATOLIT

rpAO9AC'FAC * PATOUT PPINT: RESULTS OF COt4SOL IDATID!' CRLCOLALTIONS A14D
noF'06nG4CC * PPiKE DATA It. TAPULAP FORM.

1) 0i A'? f,106 ca'7
n60906_10 CDMMONh DPe.FU0,DDO-DuLDz11,DuD c21,DzD:1,DoEr6.E00.ELLELL1,
009:A0 A'3CmGC1 9 GS, GSl ZI GSEGnF9 i;'jHEPHIJFHDF1 I vIN- IN3, IOUTP

Af0 f1A f. FLAG.-NM 9 NPROB NNPT 9 ND,NINNT IMEvPKOC'0CP',O)1 E TT -ETTI1,

tn'ii: 'F I N .IFI N I TAU T IETP I NT -IC ON JCO 19VPRI'IP L P W 1, ZrO,

AAA'A 1E(1 4AA10E1(I11)-lF(11)AFI11LRHFt 1,it.I-PEMAItS.
iiA90150 ET S! 51) PET~ '5(1)EF SPl10 1 v .F1ST I (I E''Ft.1' tE'1 '.1

AA9SS E(51 ) RSI 51 TOl T SEFFSTR(10 1 9 FT1 '11 ) ,FUt1O1) 9 UI *1)9

UA!AS U0 1),19UO1 (lb ,'.11 .p 's I 1 '.X (10 1) 11i *11)
u09Z 90 210 1) Cl 'I IY

I.'A09$IzO1Cit .. PPINT CONDITIONS IN COmPRESSIBLE FOUr4ATIO4
r, A u Qrt&E r IF (NEL .20. 82) '30T0 ?
1111)C4 Q _3A IF CNFLAG .EO. 1) IAPTTE':IOLIT,100)

( 1::1 .?.1ff IF (NFL AG E20. (0 IITEeTOUIT,108)
1*A1)f?9025AR 6IRITE' IOUTP 101)
"AAil~0,6ri WRI TE e.lIOUT,9 102)

A0610270 DO) 1I=1.NDIV1
AAA9C?80 J = NDIV1+1-I

1)A 14 (1 ( JR I TE I OUT,9103 it (1J).-XI1'J),PZ1 j),gE11(J)EP(J),9EFIN1 (J)
0 9 r Sq0 1 CONTINUE
6 1A cif71 0 W 'ITE 'I OLT.4 104)

619A320 iRI TE(I OUT. 10)
0 () 90 SI DO 3 1=1, NtIV1

6Aft0A90 J -1 NDTV1+1-T
00090..50 WR I TE ( I OLT' 10:D) 5e I' J) P TOTRI (J) 9 EFSTPI (3) 9 UW)I -J) 3U1 (j J (3)..' Q

on'_: 6 a COINT INUE
A A90 170 41P I TE:IOUT,91017) TIM~qUCON1

nAnfr?-'O7 :3J WR ITE (ICUTi In) SETTIP,SFINI
r,0090396 bPITE(IOUT, 111) DUDhID21
AO9l4l WRPI TE (lIOUT,9 112) 10L.l

000')fl041 IF fNBL EO0. '3) RETURN
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A00(19143--PC ... PPINT CONDITIOrC, IN riPEDC-Ett. FILL
I ol -90-1440 A IF C"NFLRG . EQ. 1) IITE"I OLiT. 10),
fA0Q04FA IF 'NFLAG E0. I)b WRlITEr.IOUT,1fl;')
w ' ;(0-4!46(1 IPTEUIGIJT. 101)
A(61119(470 W.P ITE(CICUJT.- 102~
fA A4$: A DO 4 T =I 901)

f009 0500 WJT Nfl 1j-J

fooflosi 4 Cari T iiIE
0019952A WP ITE <I OUT 9 104)
ri 0 '90# .3F0 WR ITE l IOUT,9 1 05)

*iflr;04A Dfl 5 I=19HD
1106 - 055nl j = ND+l-l

WR I T60 WPITEOUT., 10:3) X I (J .TOTST '.J~ .EFFETPU ,JiUW ...A ,U 0)U' J
A~f.A70 5 CONT I 4UF
IIII'l1110 53 ( IPITE(IJOUT, 107) TIMEPLUCON

WRc5 lI TEo' IOCUT 9 110) S!ETT.- :F IrN
''RITF -TOLuT, 111) DL'DZ2I

A Il09 ft"10 41ITE' IOUTi. 112) D.L

... FnPRT$
fl06,40-40 106 FOPMR T('H1 -/'14'11 H.,S:4H I NIT IAL CON I T IONT IN COMPPEZS ITELF9

000904.5 1 1H FOIUNIATIOri, 13 QH.: )
fAllA;066) 101 FONT:'~,(H 1WCOORDIt4STE- 51.,13-51.
nfnl0:0?itE71 :2 13H VOID RATIOS ,5(1H*))

rJri:0 102 FOPM~RT'7' 1HA,910)X.2HX1 ,11X,1N,':7XSHEIIITIL8-.1HE .2.X,
40?03 rl bIEFINA-L)

A000)?00 103 FOPMT'X.tFlO.4!,,?X),F91O.4')
(rI ;f ri0 104 FDRMAlFTt''19> K1(H*).10jH :TPETSEC 5H*,X5(l'
A0090720 : 16H POPE RRE.*:SUPES .51W.)')
06~096720 1055 FDPMRTIAT'-6X.2HXI 9X, SHTCTAL , 5N.-.9I4EFFECTIVE, X5 P)HTOTAL .X
PAC19(740 -;NS .TAT I C 6X 9 6HEXCE-,S>
(I')TI0q90-17;9f 166 FORMAT (H (//'9(H4, 34HINITIRL CONDITIOW7S IN DFEDGED FILL,
A0090760 19'1H*t)
A0 0 07 '70 107 FOPMFT-'''1O,ZqHTIME - ,E10.45'-,..,6HO)EGFEE OF CCNLItRPTION=
600-40780 F 10. 1 :)
AO000790 108 FORMA4T' iHX. -''/14.lN* .34HCUPRPEtIT CONDITION-- IN COMPRESS IBLE,
00L09P0?I00 I 11$ FOUNDA~TION.13<1t-.*)
00090,;10 109 FOMT119.s1(H134H-CUFPENr CONDITIONS IN PPEDa3ED FILL-
AC009T0920 2 19(Q1H*.
00090836 110 FOPNAT(i /1I0Px.-1 HSETTLEME4T F .I f. 4.9X91 9wFI'AL SE TTL EME NT=
000908I40 F I P0. 4)
r.0090?56 III Fr1PMIT<''0'.2-7HPolTTOM BOLINDFIRY GRADIIENT = F10.4'
000909z60 112 FORMA4T(11 0' *27HlIRlTEP LEVEL ABOVE BOTTOM = Fl 0.4:.

n00090S70C7

frlfl'10:691 RETURN
- 0p0900 END
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f,01(10 Ai:6A SLI PRO-T IMNE DIRTAIri
A A 1 0111 v

A01 I 0030C: * DATAIM READS THE DA;TA FROM A PREVIOUS PROGRAM RUM FROM*
I)I)1 1)A 4 CC * FILE 3SO THAT FUTI.IPE CONSOLIDATION CANd BE CALCULATED a
n00(100c, * WITHOUT REDDING' ALL PREVIOUS.

Ait 10 rIArnri
1)0 l AoSoA COMMON DR 9 DU 0 DUVZi 10. PUDZ II, DUI'219 D?, DZI.D09E 0 9E 0 0 ELL 9ELL1I
r,1)1 A C, ) (I 'lSC 9 GC I p GS, G31 G SPL 9 G'SriF. 9 i5Wi HPL' Mr~F HDFI Iii1.1 I N'_ I 1OUTi
A 1)10 0 10C1 IOUTS,LBLvLDF,4T I ME N. IIV N, ~I Vl1,PNLrMDH D I V ND1IV 1,
"1 ('0 P 111 M FLAG,9 M.NPOF 9r4PT P Will M14h N TI ME.PK 0.0.-01,Z _1ETT9 SETT I.
(101 OC1.El SFIN.SFIM1,9TAU, TIHETPIIT.UCON0C13rdlYRI,,ak ?bIfZK,

00100130 0.1l) PAl "11) 0AF1)o 9F1 *:11) .Fd PHAcS1) .ALPRAI '1)
1 1)A 00ja PETAf5ln 9PETA1 '51' B(0 FF i DD'1 tSE 9'

A111 ("6150 4 iE'101) qF1 (101'1 .ElI (1ll.) .EFIM' 101 ) .EFII111) 9EF -11) .
0(Fi:E. E 51' PE71 (.EFF3 TR~ (1 1,EFSTP I (1) 9 F'- le1i .F I 11.

ri01 00170 F-. F!4T (1I ) F I NT *.(11) ,Ft *PE (51PV 1 (51 9 RK (51)P1 15 1) s
10 0 1o ;ff P:7(51V) 9 P&31 (' IT OT S TRI10' 1 1TOZ7TRI I11 I U - 10 1' *UI 1 in
0 0190 . U')'l11 10FL0i '11)',IJI.(101)LUdl 'It",:*:(0 '11)

i lA:'I 1ice
I C12 0 PRAP.I rit.*' 10':') MST. IN. I -W ILOUT. IOUT ?q LPL. LDF

on ~ ~ ~ .':'s7-E~ l *1 00) NST. MNr'IV9 N1DIVI - MDIVi MDIV 1~ 9 EL
010 fl?:4 F; READ *IN' 9 10 0:' lST. oND - MFL A'i-, M1 N 11 NNI' tWN. MT I ME

1111) :5 C RE AP" IT4> 20 0.) W3 T 9t'A 9E''rC- 1 D UD 21 t'2D2 1 Z
0100LIP ( REer'tc W.206) NST9E0171,ELL? ELL 19 C,'5C1

1)01 iArCs. PRD'Ijr47. 0fi 4S T 9 17,'3?G _ 19 GSDL &,DF'SI.
0108 17 RAPF A r IrN2 00C NST.HPLH'F.HDFI.S-ETT.C ETTI

001 f--9 REAI' r4:,0A) M$TPSFIM. :r N F I NITAH. ,TP I N T
1)030A0 RE AP I t: * 2 ' riO MT - UCON. L' VON.1 I VP I1 I lIL b L 1

0f1 A03 0-. PEA D I(hN3, 00' NW.T. DUO1- r'Zi10 DO. EO0
ro 0033( Si0 READ' 113 2001p N-ST,9 PK(0 f0 9 '7 .01

AO0010 S401 IF MNEL E0. 3> isOTO a
6~010W0350 DO I1 PiJNr'

A00)10 03 6') READi.:rU,00), rSTP A RF: .Al' *BF( I' *E(1'.-El (1)
601-6-7c, READ'k.IN*:$,q2011. MST.EFIN I.EFFST (IA ,FI-'.FIMT I).TOTCZTR"I)

.M!C;0S E '(17* 0 N.T ,Ur *f -UO' fl) .Uki I) .XI (1) .Z(<IN

I0(I0 A9 1?C C ONT INUE
001 A041'A IF "L.E0. 2) GOT!) 4

-4

NJI
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nil 0A41 0C
h011A042 0 2 DO 3 l=iNDIV1
00 1100iki4 -0 RERDUNIS*200) N4TA1CI),RF1UI),DFl(I),ERcI),ElI. I)
6010044n RD cI N'Ss2 00) NS TsEF 111 ( I )EFSTP ItkI) PF IC ),9F ItNT I (ITOSTRII I)

A')0O04tl0 3 CONTINUE
011110470 IF (NBL .EQ. 3) '0T0 6
01) 1004,80C
00100490 4 DO 5 I=1.LF
A II1A05 (.0 READ(TNS,20 NSTALPH(I gPETA(D.)DSDE(IiES(IlgPK(I)I
All 10 051j REAI~cINS,20() N TPK'I),R~ecD
00100M0 5 CONTINUE
00l1 109?30 IF (NBL .EQ. 2) GOTO 8

l0 10 0550P 6 DOI 7 I1. LBL2

00110056n READIN, 00) NST, ALPHQI 1(),EBTA 1),DSDE I(I) -EZ1( I).-PK1(I'.
nfl0100570l RERD(INS,200) N$TRKI(I)rPS1I'l
001005s0 7 CONTINUEI
An0I00590C
4101006000. .. RESET TIME CONTROL
1111 00610l 8 NiM = NTIME + 1

1-0300626 NTIME = NTIME + MTIME

.101l 00;40C
10 0A OA5OC ... FOMRTS

O.10lAeZO 200 FORMAT(5,SE1S.6)

oiAjO'-rS 300 FOFMATC(/9X, SOHCONTINUATION OF PROBLEM NUMBER. 14'
Aol 006900
00100700 RETURN
001i61,i0 END
001 00720c
n~ 0 n07:30
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ril 0( 1 711 A c

011 1 1nn .) 11-;0.R*VDRT SAWE?1 THF PPTR FPOM P PPEVIOIC' PPOG6PPPI PUNM ON *
f.00110f)04 0'7 . FILE tO. THAT FL'T'JRE EXTENSION'$ TOl THE RIJNl MAY BE fMADE *
0 100 .co.cv ITHOUIT PECALCULPTTNG PPEVIOL: COtrDLI DATON.

17011 0&7Oci
011006180 COMMON DR. PU05DUE?1 0-.DL.F?-l11,ThJDZ8I,LZgr, 9DO.EftEOO.ELLPELLIP

fitI11090 GC. GC1,GGq1331G o ,?F.kHLH FH.1IIN ,9IOuT.
01711 f10 0 IOUTSRLBLLDF. MTIMENBPIYVrlFDIVI ,rlBLNF,9ti1V-tIDIVI,9
til I ! NFLAGII4M.NPRB,rgPTpNroti1r4TIE.P 'ii0?f(I. flh ,FTT .$ErTI,
01101217 S Itl. FIP *14 TAU-.' TIME- TFRINT.UCCCIlNi ,VFI 1 * WL96i I'~ 1 ZV 0.
17601113 R~ A'101'. PF1 -'Il tAF fIl) 'AFI (11' .ALPHR(51I) .ALIHI71) !1
Afi1I10141 PET~kt51b&BETRI1(51,.BF kIiO),oPFI11.DTPEo9r,3DF1'5t'

0 Elii~ 5 1',! o ,EI-- .1501.,EFl '11 9 r F lTb *I '11'F 1 .EP k.11)

If I1 i F I t-14T (10 1 F INT I a 1lP~ 05 1).Ft IY)19 PKt0 l 'Pl<1 -51
fill' 111, :&(51 P S1 (5 1)TO TS TP 101)TO STP III )JL'i#+10 1 011',I

001161t0 U, i.1 01) .111 l II~ fl.w -XI *a ol '101 I vIll
n011 OS-,1)f. (1Ob'1?I.

1 20 IsI11.RITE(IOUTS.q100)- tiSTiItJIN&, IOUITIOUTS.LBLLDF

600l11024' f. NT = WcT + I
(03't 1115) W29 I ~TE k(I OUT'E 16 0) MSET, r9 DEVUFV-ZEI I fuzl ND .I DZ1 PIVI E

p)AI '1103ff: 6 NT = N*:,T + 1
0011031 ,0 'WPITE' IOUTS-In0' NSTEOO.EiLLELL-NIg.:3C1PTIM

00ll1103290 lPITEIOUTS,200>- NC-TGSGD01E1,GSBLA$Ir.GWEp-E17
1,1711 034071 NC--T 2 lIST + t

00110356 lJPITE(IOUT.200) N'STH(-LELHFDFCTTETT
I13 03tR N3T - ICYT + 1

(1011r0-P WPTTE(IOUTCSiO0) S.FIFNTUTMETF
(n101.3?:0 ItT = IST + 1

fill 0390 ITE(IOUJT-S-c200) I4 T.IiCR4.LPHnI'41 .VPTILIAI
001104001 NE-T =NWT+I

hnl 10410":7 WRITTE (lTOUT-;. 20 0) ItT. DUO. P1-F10. D.TEQ TFN
6171140 NIT 2 14S + I

003 J1 04?30 WP ITE IJTS, O'T 2 0(.-N7 0. ZO PVK0 0o 0 1
F10i11 0440AC
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1710 1A45' IF tt4PL .I.3) GOTO 2
00110460& DO 1 I=1,FAF
AC0110470 FAST FAST + 1
1)00110 43 WFITF<dIOUT:-00, r4C'TF,,F I',F()E(I) EI1(1)
rlI IC 14'zC1) rST M FST + 1

1109 o~l11 WT - MST + I
AC;( I 1052 0 bFITE.IOIJITS,200)tT'I'90' id.. XII),I'
P 11101 I CON T I NUE
0 1)11054 0 IF f'NPL .EO. 2) GOTO 4
A A1 1 W5 0c
r)00110 5 11 2 DoJ ? 1=1 r4DIVl
0n1)11A57 0 NAS s T + 1
1)001105830 IdPITE..IOUTS9i200) NT4E'1 ) ,t~l '1) BF1 'I. FErei) PEI 1 (1)
A i)11 A59?0 FATsr FAST + I

fIr.! 1n I AnJf NFAST FAST + I
n r! 10'00 r 'RITE(IOUT,.E'00) FAT'EFIF C!.'lr- ,ST 11 9Fl ' ,Ftt ) .T:I1*

fil.I I j f- 1 3 CONT!INIF
Oil I l64'A IF fNPL .E9. 3) GOTO6

U~ii 10. 4 DU 5 I1,9LIF221 PMrR:TT(ThTt9C00 NiT.ALPH(D-.BETAP(I grDSDrEUI. 9ES'T -Pe*.
n(i 1 fh-- i FASj :T AST
1161 10700 i.ITE'IOT9200) FASTFK*(J) P?"I'l:
A0110710 5 CONTINUJE
fiOlC 0 .(11 IF (NEL .EQ. 2) PETUFPFA

fill I ,':4" '.6 DO 7 1I=1 LDBL
06 110. -, FAS T Ni:'T + I
rifjI 076 AC IAPIT~eIOLTS,200) ATLH1(~.Ee I)I'EE1()'S I P1C
firli I u 6FArSKT !t.T + I
0010 I I d6,fl JPITE -IOUTS,2A)0) N-AT. PV1IN.PS'I1)
6011107,:-r! , CON T II'J

(0 110(I1I0c .. OMT
A001103l2 0 100 FCFMeT'15,719)
n:)I 1( 130 200 FOPMPTCI5.5E13.e)
6. 0 - 1 01,4 ili.
1 1 OSS IPIf ;i ETIJPN
0110.36 0 END
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APPENDIX C: SAMPLE PROBLEM LISTINGS

1. The following pages contain sample data input and calculation

results from the two practical applications previously discussed.

Cl

7.



:I
2. This page and the next contain the input data file used in

the dredged fill with compressible foundation example.
1

1 CIO I r 1

r 2. -3 2-. i ,. 0 : 06 0. 0 0. 0
a~l :.t'l A0 A I. 210E-O3

2.9 4.2 1.112E-03
0 ?- 1. 030E-03

04. 14. 0 9.494E-04
Ii G.I 19.6 8.854E-04

.- 2R. 75.=,. 29.4 :_::. £34E-04
?17 .i 22. i 7. 616E- 04

(1:: 3, 7 '. 0 7. OAOE-A4
9. i 0 4,'. A 6. -,VE- 04
I 1)i 55 5 . 0 5.78:8E- 04
III 2.5f, 70.0 5. 227E-04

712 2.45 '6 0 4.'0 -E-04
P1:3 21.40 104. 0 4. 2-34E- 04.714 35 1 . .8 -AE-04

1 -0 154. 3. 45rE-,o4
1. 19 A. A' 3. P-9.E-04

.2 ... . 2. 7 'E-04

-C-. S, ,3. 0 2. 44,'.E-04
9-' ip. I0 :344. 0 2.160E-04

,211 A.117 420.0 1.944E-04
1 1 510. 1. 714F-64

1 . 6-40. ' 1.5I2E-A4
7 ' 7:0. 0 I.:::25E-04

4 1•, 990. A 1.17E-04
' 1 . r-:A E 1 P.. l e 1. 074E-04
-6. 1 . -5 1400. 0 9. OAOE-0
2 7 1.7) 1700 0 7. 720E-05
:'28: 1. 6 5  2'040.0 6. 6 4E-05
?224 1 f.l 2540 0 5. :-3:5-E- 0 f

1 1.55 31 O. 0 5. 112E-05
1. 50 :-750.0 4. 32E-15
I .45 4E "0 0 3.773E-0!5

3:, 1.40 .540. 0 :3..197E-015

4 .., 6,0( 0 2.7-6E-o05
S 1. 0 4fI A 05

2F3 6 1.2$ 1 0400". 0s 1. 987E-05

C2
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300 2.75 3.0 5.0 31 7.0 62.4
301 7.00 0.0 8.568E-'3
302 A.95 0.3 8. 208E-03
303 6.90 1 .0 7.848E-03
i04 6.80 2.3 7.201E-03

-05 6.60 5.4 6. 091E-03
,A6 o.40 8.8 5. OqAE-03
ln7 6.20 13.. 4.176E-03
fl 6. 0 18.2 3.442E-03

.fl9 5.80 24.8 -. 822E-03
1u 5.60 3:3.3C: 2.:318E-03

51 5.4f 44.0 1.886E-03
j:I 9.20 57.0 1.570E-03

13 5. Of. 73.0 1. 267E-03 
"14 4.8A 96.0 1. 037E-03
M5 4.60 125.0 8. 352E-04
Z16 4.40 163.0 6.7O.8E-04
.17 4.20 210.0 5.429E-04
.13 4.00 274.0 4.378E-04
M9 3.80 358.0 3. 499E-04
V 0 3. E0 462.0 2. 794E-04
321 3.40 600.0 2. 218E-04

.20 790.0 1. 735E-04
OO 1030. 0 1. 354E-04

324 2.80 1320.0 1.022E-04
325 -i.60 1740.0 7. 488E-05

E., =.40 2240. ) 5.:32:5 F-05
327 2.20 3000.0 3.6,6E-05
323 2. 00 4If0. f 2. 506E-05
,:29 1.80 54A. 0 1.656E-05
:30 1.60 7506.0 1.094E-05
331 1.50 9000. 0 '. 784E-06
400 0.65 3. OF-04 6.0
401 6 10 1.0 4
42 3f5 3. 0 26.0
403. 730 2.0 28.0
404 10045 2.0 29.0
405 1460 1. 0 30.0

C3
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3. Below are the calculation results after 2 years. A total of

6.0 ft of dredged material has been deposited. Results for the compres-

sible foundation are not shown.

***......*,**e ***uJP'ErT CONDITION' INl DREIGED FiLt .,.*#* '"

*# .*$ COOFFDTIATE $*'** **** VOID FATIOS .4'..

A z EINITIRL E EFINAL

. 0 .O ;I 10 P. 75r0 7. 0000 7. 0000 7. 0On

5. 5O30 4 i2. .6875 7. 000 0 1 A5162

5. 00C P 4. 2904 0. 625P 7.0000 0. 465 1 6. 1820

4. 511 061? 3. :1, O9. 5625 7.0)00 6. 3076 15• 9-?. 1
4. 00 4 4 :.64 0.5000 7. 0000 6. 1735 5.74r5

:'.52 93 ' ,0.4375 7. t6.u540

: fl 2. 4'45 fj.., 7. ()0r 5.94..' 5. 44.r

"0 2.2 . I5 ?.o0000 5.8405 5.41

2. . 63.3 0"  . 500 7. 0000 S.7422 5.238-9
j. 5Ol0 1 .Is0 7. 185 7.000') 5.647: 5. 1447
i. n00 0. 3fiS-; 0. 1250 7. 0000 5.55P 1 5. 0594

.. 00 0.4 ft :3 ).0625 7. 0066 5.4661 4.9. 0

0. 0. 7.0 ", .377? 4 . 92 26.

.... $ TR'Er: .E: .fl*4 $*..* POPE PRES'UPE:" *444

* I TOTAL EFFECTIVE TOTAL ,T T I C EXCF.-.

.1 5 -0. 0010 -5. 97#'69 -? 979 f.

-4. 7*28 9.. a6l.'9 4.4=541 91. a 0:- O9. 4379 2. 370'

4. 9 4 1 5'6 : S 7 .693 124.6
7 4 ,4 11 8.,1-:: 89M1

r.4 '17 -4 4 381 3.9 j9~~ 34
- -'- !,: C; 1 a 05. 96 * 9' S .E15 -:;_:S 17.274f

P. 495 P 1.. 052 251 .879 13 Co 9 0. 9 97

. .04.4 23.4632 2 2.1712 2 57.!," 94 24.3 1I IE:

I .-. 9 444 2 7. 225- 311.7185 284. .3444 '7.., 741

1. :' 371.8787 31.194 i' :34 6. 6,-847 310. 4,7 7.'10

- .r'; 404.45065 35.5724 -68. 8781 336.2605 32. .7 7

(. 40' 4Yb -"S 4 0. 432- 231. 361.I .346 4J 7

0. 469. 5374 45.4778 42:3. 0596 306 67 4 36.4

TItIE = 0.730.0,ME 01' DEGREE [F CI-N-OLIUtTIOr' 0. A'-rq

rTTLE0Ih'IT = Q.749fl FINAL .5ETTLE69FtT 1 59

B'ITTOM POU'IrPY GRADIENT = -23. 1737

iATEP LEVEL ABOVE BOTTOM = 6. 1961

C4
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4. This page and the next contain the results after 8 years of

consolidation. A total of 14.0 ft of dredged fill has been deposited.

.*..***4.4..***$**.CLIRPENT CONDITION'3 IN DFEDGED FILL**$.... ,

CDOF DINRTE& .... $ ,'... VOID PATTl:-.....

RXI z EIrITIAL E EFIMPL
14. 10,0 1 I. 111 1.750n 7. 0000 7. 000, 7. 0060
13.9 5,l 10. 8.2-9:7 5 1. 6879 7. 0 P0A 6.6041 6.5162

10 0fill 10.357') 1. 6250 7. 0000 6-. 3826 6. 18 0
12. 1!, AF0 9. 9011 1.96 5 7.0000 6.2142 5.9S 11
1?. ,,00I 9.4545 1.500F 7. 0000 6. 0802 5.7405
11 .5000 9. 11,155 1.4375 7. 00Co', 5. 9696 5.522?
11. lfiI.' r. .!'3 " 1. 3750 7. 0000 5.8756 5. 45E5
10.95 0 0 ..1579 1.:3125 7. 000 5. 7934 5.3419
10. o001 7. 7:3? 1. 250A 7. 0000 5. 7196 5. 2-39
900 7.3158 1.1875 7. 000'' 5. 6520 5.1447

9 . 0000 6962t0 1. 1250 7. 00 0 5.5819 5. 0@54
r492 0 1.0625 7.0000 5. 59:_: 4.98,20

. P. .0857 I .0000 7. 0000 .4729 4. 9226
7.5 0 0 ,0. 418 0.93:75 7.00 AA 1. 417,9 4 .7. (Fl il 0 5.28934 0.8:750 7. (if, 0 6 5. *3646, 4. 0 3?-:
6. 5 l ,', r. 4.8'B,73 0. i: 25 7. 0 10 5.3::127 4. 75P, ,il'iril 4. 4504-3, 0, 75,00- 7. 0000 5- " 2-70._. c,.I 4.7 [t

5.5000 4.1045 0. 6,675 7. 00,0 5. 12 4. 661
5. 00A 3.7178 0.6250 7. 0000 5. 1646 4. 614:;
4. 50', :3.3*::40 0. 56,15 7. oro 65. 1171 4.5754
4. 00f, 0 2.95-j1 0.5000 7. 0000 5. 0718 4. 39:5

. 00A( 2.5750 0. 4375 7. 0000 .0 527 4. 50-3k

. 00 2. 1996 0.3750 7. 0000 4 .9851 4.4676
2.5,'06 1. P268 0. S125 7.0000 4.9436 4. 4317

ir. 1 (1 1. 45,6.6 0. 250 7.0000 4. 903 4.3966
1 0. 70r! I . (I .::? 9 0. 1:975 7.0000 4. 641 4. 3676
I. 00A,0P 0.7236 0. 1250 7. 0000 4. 8259 4.3385
900. 0. 3606 .0625 7. 0000 4.78,6 4.3095

0. 0. O. 7.0000 4. 7519 4.2804

C5
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*...* TPESSES *n.. *99* POPE PRE!IJPESS U .R .

x TOTAL EFFECTIVE TOTAL STATIC EXCESS Z
11.111 75. 3995 -0. rl 0 ( 75. _3995 75.3995 0.
10. 35 0 112;5595 5.336.2 107. 223 2 105.7345 -1.4888
10.-97n 148.58S2 9.1834 139.4047 134.9382 4.4666
9.9t1 I 18S. ;A 3 12. 8%,? 170.9750 163. 3882 7.5868
9..4545 21q.:.5 16.1951 202.3584 191.2535 11.1049
9.fl155 25,?. 7694 19.2020 e33.5673 218.6444 14.9230
?. 530 286.5881 22.3060 264.2821 245.6381 18.6440
:.1559 320. 0644 25.0774 294.9871 272.2894 22.6977
7.73?. 353., 375 28. 1767 325.0607 293.6375 26.42.33
7.315 38. 1354 31.0139 355.1215 324.7104 30.4111
6. 90 0 418.77'16 33.7812 384.99'..4 350. 5296 34.4688
6. 49 f 451.1859 36. 989F" 414.196$ 376.1109 38. 085f
6.08357 48'.3655 40.0640 443.3015 401.4655 41.8360
5. 682? 515. 3:70 43.0321 472.295n 4Z6.6020 45.6930
5.2:7:'Z4 947.0774 46.3021 500.7754 451.5?74 49.247z
4.S.1373 578.6226 49 6774 528.945 476.2476 5.6976
4.494*3 609.967.1 52.9724 556.9954 500.7678 56.2276
4.1045 641.1173 56. 197S 584.919f 525.0923 59.8272
3. 71, 672.0756 59. 8826 612.1931 549.2256 62.9674
3..4. 7V.848 3 6297 639.2185 573.1733 66.0453
2.95-1 733.1.4412 67. 2576 666. 1q36 596.9412 6.9. 2424
2.5750 763.85'9? 70. 7771 692.0828 620.5349 72.5479
2. 19'I6 794.1096 74.7173 719.3922 643. 9596 75.4327
1.826 924.1951 79.4859 744.709- 667.2201 77.4891
1.45f6 854.1212 84.1177 770.0035 690.3212 79.6823
1.08:9 eel.q8'24 88.625p. 795.2672 713.2674. 81.9998
0.723C. 91-3.5127 9S. 0187 820.4940 736.0627 94.4313
A.361C6 94,=. 9 57 97.6540 845.3317 758.7108 86.62069
6. 972.3146 102.9677 869.3469 781.2146 88. 132?

TIMIE O.E920E 04 DEGREE OF CONSOLIDATION 0.768640

SETTLEMENT = 2.6889 FINAL SETTLEMENT = 3.4982

BOTTOM BOLIDARY GRADIENT = -28. :?.7

6.RTEP LEVEL ABOVE BOTTOM = 12.5195
9

~i
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5. After 14 years, conditions in the dredged fill layer are as

shown below and on the next page.

*..................LIPGhNT CONDITIONS IN DRIDGED FILL...................

CDOPDINF.TES a.... a... VOID PATIO

A MI Z EINITIAL E EFINAL
14. Af0i I A. 1 RA?3 1.7500 7. AAO0 7.0000 7.0060
I3.5O,0 I02. ,. 5. 6.375 7.0n00 6.4902 6.5162
I?. o!n),0 9. $6;4 1.625r, 7. 0000 6.2046 6.1820
12. 5000 9.42.31 1. 5-25 7. 0001" 5.9901 5. 9311
1r. O060 9916 1. 5000 7.0111 5. 8239 5.7405
11.501,0 S. 5 .94 1. 4:175 7. o0O0 5. 6904 5.8:.
11 .0010 .?. 104C 1 .3750 7. 0nA0 5.5784 5.4565
In. 7.7469 1 3125 7. 0006 5. 4812 5.3419
1 o. 0000 7. 3445 1 250C, 7. OOO, 5. 3945 5.2369
:t. 500til 6.9474 1.1875 7. 0000 5. 3161 5. 144.".
C. 11A" t. 5549 1 1250 7. 0000 5.2447 5.0594

500 6. 1666 1.06,25 7. 0000 5. 1791 4. 98i 0i
S. 0it00C 5. 7S2 1.000 7.0000 U. 1192 4.92
7.50:',d 9. 4 ,16 0. 9375 7. 0000 5.A642 4.S86S-
7. no 5. :4; 0.8750 7. 0000 5.0134 4. 80
6. If0 4. 64:- 0..8'125 7.0000 4. 3661 4. 75

00 4.. 1 ,4 0. 7500 7.0000 4.921, 4.l709f
Ci. 5Q 1I 3. 50" 6 0. 6875 7.0006 4.3802 4. 661'
5. ,0o r 3.54-- 3. 625 7. nn,,o 4.9407 4.6141?
4.50¢0j 3. 1795 0.5625 7.0000 4.8031 4.5754
4.00,0 2. 19 O.50 0( 7. 0000 4.7671 4.5395
.50 (, 0 2.45 * . . 4375 7.0000 4.7322 4.5095

0 rpi',0O 2. 1714 o. 3750 7.0000 4. 6985 4.4676
'6 0 (1 1. 746 0. 31 25 7. 0000 4. 6657 4.4317
A. 1 .O0 0. 250 0 7. 00 0 4.6337 4.3966

I 0. 05nnA 1. 04 0. 1875 7. Ono0 4.6026 4.3676
t. oo, ? 0. 1250 7. 0000 4.5721 4. 3385
111.51,0 0 3455 0. 0625 7.0000 4.5423 4. 3095
n. 0. 0. 7.0000 4.5131 4.2804

C7
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**.** STPESSES ** PORE PRESURES..

XI TOTRL EFFECTIVE TOTAL STATIC EXCES
10.80673 120.0790 -0. 0000 120. 0790 120.079n 0.
IA.325 156. 91, 7.2659 149.7253 150.1662 -0.44A9
;.9664 192.4441 13.0999 179.3443 178.7941 0.5501
q.4P: 1  226.297 18.5267 208.4030 206.4547 1.9423
I.916 2606797 24.0090 236.6699 233.3797 3. 90i
S.56 4 29.49) 29.4047 264.4443 259.7240 4.720-
3.1549 326.54:7 34.3643 292.1784 285.5927 6.5857
7.74-8 8.. -z01 *3.6160 319. 2141 311.0551 8.1596
7.3445 79.71 44.3596 346.4000 336.1597 10.2404
6.A74 4?2.3678 49.4526 372.9152 360.9428 11.9724
6.554; 453. 43 54. 096.? 399.5875 385.4343 14.1532
6.166o 4;4. 39 5s.6691 426.0647 409.6589 16.4(5-
9.78: 5 15.5 9 - 63.4649 452. 0739 433.6388 18. 4351
9.4016 '546. 10 67.8614 478.2586 457.3951 20.8636
i. 'c142 576.4) 71. 1 25 564.566-7 480.9452 23.6215
4.-49 66. 6791 76.9004 529.7787 504.3041 25.474E
4.2784 46 81.9R97 554.6949 527.4846 27.210.
3.9(9E 666.528 86.780? 579.7421 550.4978 29.244S
3. 74' 696.2038 91.3184 604.8844 573.3528 31.531E
3. 1795 725.7327 95.639: 630.0935 596.0577 34.0.357
2.8179 755.1192 100.7731 654.3453 618.6192 35.7261
2. 456 784.3675 105.8 60 678.5415 641.0425 37.499i;
P.1024 81.4%21 110.7218 702.760 663.3321 39.428i
1.7462 842.4668 115.4777 726.9892 685.4918 41.4973
1. 931 71.3 54 120.1077 751.2178 707.5254 43.692:'
1.0420 90n.0610 1E4.6242 775.4369 729.4360 46.0008
n.A928 92..6766 130.2925 798.3841 751.2 65 47.1575
0.3459 957.1744 135.9580 8 1.2166 772.8996 48.:317f
0. 985.5574 141.5151 844.04E4 794.4574 49.5849

TIME = 0.5110E 04 DEGREE OF CONSOLIDATION = 0.912656

SETTLEMENT = 3.1927 FINAL SETTLEMENT = 3.4982

BOTTOM BOUNF FY GPRADIENT = -22.4465

'IJRTEP LEVEL APOVE BOTTOM = 12.7317

Cls
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6. The input data file for the soft compressible layer example

is given below.

1 00 11 1I
1 01 1 3

P r .8r, 20. A, 21. 0 :36 75.0 5 00. A
.01 . 0 0. 0 1.c210E-03

Ptl 2.95 4.2 1.112E-03
0 . 8.8 1. 030E-03

P'04 2.85 14. 6 9. 494E-(,4
N:5 2.80 19.6 S..954E- (,4
6 2.75 2c. 4 8.2 34E-04

207 2.70 3. 0 7.616E-04
.e08 2.65 .0 7. VIOE-04
P19 2.60 4 0 6. 392E-04
210 2. 5 . 5S. 0 5.79SE-04
P11 2.50 70.0 5.227E-04
D12 F.45 S6. ) ..66uE-04
dI1 2.40 104.0 4.234E-04
=14 2.35 128.0 3. 83OE-04
219 2. -3A 154.0 3. 456E-04
.I. I 9. 5 1'.0 3. 096E-n4
P17 ,2.20 232. 0 2.736E-04
;:I:? .1) 2,.6. ?.448'-04

1' 2.011 344.0 2. 160E-04
2.05 420. 0 1. 944F-04

' 01 2.0 510.0 1.714E-04
1 .'97 640. 0 1. 512E-04

23 1.90 780.0 1•325E-A4
.224 1.85 950. 0 . 170E-04
225 1.80 1166. 0 1.034E-04
' 26 1.75 1400. 0 9. 000E-05
227 I. 70 170f A1 7. 720E-05
,rPS 1.65 2040. C, 6.624E-05
=29 1 •0 2546.0) 5. 83'2E-115
.?3n 1.55 31 00. 0 5.112E-05
'31 1 .50 375. 0 4.392E-05

232 1. 49 4 ,6. 3. 773E-05
13.3 1 40 5540.(i 3.197F-t5

P34 1 35 6806.0 2.736E-05
235 1. 36 8400.0 2. 333E-05

1.25 10410). 0 1. 987E-05
700 0 0 0 1 0 62.4

0 0 0
400 0.r. I. OE-03 1.0
401 0 10 1.0 3
402 365 500.0 21.0
403 730 500.0 21.0

401 095 n.0 21.0

C9
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7. Conditions in the compressible layer after 3 years are shown

below. The total layer depth differs from the input value slightly due

to the iterative method of calculating the material coordinate and the

fact that Lagrangian coordinates are reset to match the material

coordinate.

*.....n.....e.C'PET CONDITION" IN COMPRESSIBLE FOINIATION...........

..... COOP'IrtTES *.*.. **... VOID PATIOS *.e1

I EINITIAL E EFINRL
19. 9"55 18. 5992 6.4879 2.4844 1.72 0 1.7208
17. 7 37 16.7999 5.3391 2.3116S 1.8267 1.7087
15. 669 14.93 37 5.19013 2.2134 1.9213 1.6969

.6 (15 1S. 0164 4.5415 2.1450 1.9817 1.6862
11. 5864 11.0-45 3. 8928 2. 085 1.9970 1.6755
9. 599 3 9. 1 3-5.9 3.2440 2.0$?.? 1.9744 1. 6648
7. A415 7.22 03 2.5952 1.9991 1.9274 1.6541
5.704 5..?413 1.9464 1.9711 1.8627 1.6455
;. 7-;61 3.1 ?0"13? 1.2976 1 .94-4 1. 785S I. .63S2
1 .,'4, 1.727' 0. 6488 1.9176 1.7027 1.6 319

0.O. 0. 1.890 1.625 1•62;

***** \TRES, *.... *.. PORE PPE'SSLIFES ....

*:'I TOTAL EFFECTIVE TOTAL STATIC EXCE 
1.8. 59?2 1724.:31f12 2575. 0h01 1499. 102 149.81 02 -0. nr
I -.7q'-9 1909.9566 1047. 2.::34 862. 1332 262. 0843 600. 04:-19
14.93 "7 2099.2790 720. :3325 1378.9465 378.5344 1000.4121
1:!. 0164 2291. 7961 557 .5S11 1734.2150 49P. 1792 1236.03:
11.0745 2485. 04 517.91 1967. 920: 619.3512 13 46. 5696:. 1359 2679.6824 576.6408 2103. 0416- 74.-209 1-6.7207

7.220 287 . o? 703 .944 2166. -4 859.54A 1308.83,4
.341- 30.2.2r4 906.754 2 155. 4501 ?7. 100:2 1178.3498

.:3 3249.4-=4 1228. 271 201. 1713 1091.4:00 92.9. 6' 1? ,

1.-279 3433. 4-0 6 1..64:.$7 174 9.7819 1202.5799 547.2020
0 . 614.1230 2292.1446 13 1. 9784 1316.4000 21.5784

TIME = 0.1095E 04 DFGPEE OF CONZOLIUATIOM = 0.516665

7ETTLEMENT = 1.3s33 FINAL SETTLEMENT = 2.6774

BOTTOM BOUN'IPY GRDTEPiT = 909. 1478

IdFTEP LEVEL ABOVE BOTTOM = 21.0000

ClO

ma==



8. Compressible layer conditions after 6 years are shown below.

**'.....*.'*.C UPPFtT COMDITIONS IN COMPRESSIBLE FOUrIDATIO,.*******.**.*

CD[OMrTNFrTE, *.*. **** VOID PHTIOC****

H l ZEIMITIAL E EFIMIL

19.9S25 17.9417 6.4879 2.4844 1.7208 1.7208
17.7:?7 16.1632 5.8391 2.3118 1.7615 1.706?
1.6r12 14.3596 5.1903 2.2134 1.7970 1.697 0
1:;. 6 -5 12.5D62 4.5415 2.1450 1.8217 1.686I
11 .64 10.7016 3.8928 2.0852 1.8308 1.6755
9.5993 8.8668 3.2440 2.0392 1.8221 1.s64S
7.6415 7.0431 2.5952 1.9991 1.7972 1.6541
5.7047 5.:23 c4 1.9464 1.9711 1.7601 1.6455

. 61 3.4E33 1.2976 1.9436 1.7154 1 1.1 -a
1.884z 1.7169 0.648S 1.9176 1.6606 1.6309
0. 0. 0. 1.8930 1.6248 1.6236

*..~.STRESSE. **** ***** POPE PRESSURES *...

xi TOTAL EFFECTIVE TOTAL 3TATIC EXCE$Z
17.9417 1765.8365 1575.0201 190.8165 190.8365 -0. 0201
16. 1E2 1949. & F9 1344.T958 604.7940 301.8178 302.9763

14.3535 21a5.1075 1174.53?0 960.5745 414.3622 546.2123
1.532 2.321.7 8 1068.E2:32 1252. 9346 52F. 1404 724.794?
10.7016 2509.1119 1030.654' 1478.4571 642.6224 835.8*347

. 2696.4732 1067.0027 162m.4705 757.1116 875.3589
7. 1 I ?K-. 1429 1173.3985 J709.7444 87f.909 S ? i.835 2

5.2$- 3&.; .5421 1351.6883 1716.8537 98?.426 73e.4174
3.4& 3 252.2670 1607.7970 1644.4700 1094.180 550.1820

1.716 3434.1201 1913.7976 1520. 3225 1209.269? 317. 0"1
i. 3614.1232 2292.0714 1322.0518 1310.400( 11.6517

TIME = 0.2190E 04 DEGPEE OF CONSOLIDATION = 0.762221

3ETTLEMEMT = 2.0409 FINAL SETTLEMENT = 2.6774

POTTOM FOUfr APY GRADIENT = 491.8586

,ATER LEVEL ABOVE BOTTOM = 21.0000

Cll
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